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PREFACE. 


-1-N  OTWITHSTANDING  the  many  publications  which 
have  appeared  on  Mathematical  fubjeds,  and  the 
great  improvements  that  have  been  made  in  every 
department  of  the  fcience,  a  general  treatife,  on  a 
cheap  and  accurate  plan,  feems  as  yet  to  be  a  defi- 
deratum.  Volumes  have  been  wrote,  not  only  upon 
every  branch,  but  even  upon  particular  parts  of  eve- 
ry branch.  Thefe  are  more  particularly  adapted  to 
the  learned,  and  cannot  all  be  purchafed  but  at  an 
extraordinary  expence.  This  inconvenience  has  no 
lefs  been  felt  by  thofe  who  have  undertaken  the 
charge  of  teaching,  than  by  their  pupils. 

It  mufl  be  very  difagreeable  to  a  teacher,  before 
he  can  lead  a  clafs  through  a  courfe  of  Pradlircal  Geo- 
metry, to  make  the  fludents  purchafe  a  number  of 
volumes  on  detached  parts  of  the  courfe  :  It  is  no 
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lefs  perplexing  to  a  fcholar  to  read  them  in  order  to 
retain  what  has  been  taught :  Not  to  mention  that 
the  books  fo  purchafed  may  have  a  very  different 
mode  of  exprefling  the  fame  thing,  which  mud  Hill 
encreafe  the  perplexity. 

The  author  has  frequently  found,  from  his  own 
experience,  as  well  as  from  the  report  of  others,  that 
trcatifes  of  this  nature  afford  but  imperfex^  materials 
for  the  exercife  of  youth.  Hence  teachers  are  under 
the  neceffity  of  inventing  what  they  eflcem  a  pro- 
per fet  of  exercifes  ;  and  to  this  circumftance  muil 
we  chiefly  afcribe.the  abfurd  cuftom  adopted  by  fome, 
viz,  that  of  teaching  in  their  own  way. 

With  a  view  to  obviate  this  inconvenience ;  to 
furnifh^hofe  who  incline  either  to  te'»ich  or  learn 
practical  Geometry,  with  a  fyftem  at  once  full  and 
complete,  for  every  purpofe  in  ordinary  life  ;  and 
to  afford  them  this  advantage  at  an  eafy  rate — the 
following  treatife  is  refpedifully  fubmitted  to  the  at- 
tention of  the  Public.  And,  as  the  author  has  had  fome 
years  experience  of  its  utility  and  convenience  in  the 
courfe  of  his  pradice,  he  thinks  he  can,  with  fome 
degree  of  confidence,  recommend  it  as  the  only  trea- 
tife 
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life  that  has  yet  appeared  proper  for  being  taught  at 
academies  and  fchools,  the  ingenious  Dr  Button's  ex- 
cepted. But  though  this  work  is  excellent  in  its 
kind,  its  high  price  prevents  its  being  generally  ufe- 
ful ; — an  objection  which,  it  is  hoped,  the  following- 
treatife  will  entirely  remove. 

The  author  is  confcious  that  there  can  now  be  but 
few  claims  to  originality  ;  yet  he  flatters  himfelf 
that,  even  in  this  lefpcd,  he  will  not  be  found  en- 
tirely deficient. 

The  arrangement  is  fuch  as  feems  beft  calculated 
for  inftrudion — beginning  with  the  fimple  rudi- 
ments, and,  by  gradual  ajid  eafy  ileps,  proceeding  ta 
that  which  is  more  complex,  in  fuch  order  that  what 
is  prior  paves  the  way  for  what  is  to  follow.  The 
greatelt  care  has  been  taken  to  feledl  the  moil  im- 
portant articles,  and  to  introduce  eve^-y  necefmry  in- 
formation, in  fo  far  as  regards  Menfuration. 

To  fome  of  the  problems  two  or  more  rules  are 
annexed,  and  an  example  wrought  at  large  to  each, 
in  fuch  a  manner  as  to  be  intelligible  to  the  mol]:  or- 
dinary capacity  ;  and,  for  exetcife,  copious  fcts  of 
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unwrought  examples,  with  their  anfwers,  are  infert- 
ed  ;  and,  in  order  to  render  this  work  ftill  more  ac- 
ceptable, a  great  variety  of  mifcellaneous  queilions, 
with  their  anfwers,  are  propofed,  as  a  general  excr- 
cife  and  conclufion  to  the  work. 

Upon  the  whole.  It  is  hoped  that,  by  means  of 
the  prefent  treatife,  the  bufinefs  of  teaching  and 
learning  the  practical  part  of  Mathematics  will  be 
attended  with  lefs  trouble  and  expence  than  former- 


CONTENTS. 


CONTENTS. 


Uefinitions,           -              -         -              -         -         _  I 

Geometrical  Problems,             -             -             -             -  4 

The  diagonal  Scale,  -  -  -  -  -  1 1 
The  Conftiudion  of  the  Line  of  Cords,   Sines,  Tangents, 

and  Secants,             -             -             -             -  12 

Triangles  conftruded  and  meafured  by  the  Scale,         -  13 

Conftru61:ion  and  Ufe  of  Logarithms,             -             -  17 

Right-angled  Trigonometry,             -             -             -  27 

Oblique-angled  Trigonometry,             -             -             -  37 

Menfuration  of  Heights  and  Diflances,           -             -  4^ 

I  ft,  Of  accelTible  Objects,         -             -             -         -  47 

2d,  Of  inacceffible  Objedls,         -         -                         -  49 

To  find  the  Diameter  of  the  Earth  by  Trigonometry,  54 

To  find  the  Height  of  an  Object  by  means  of  one  Staff,  cj6 

To  meafure  the  Height  from  the  Length  of  its  Shadow,  57 

To  find  the  Height  of  an  Objed  by  a  plane  Mirror,  58 

To  find  Diflances  by  Sounds,             -             -             -  ib. 

To  find  the  Velocity  of  the  Wind,             -             -  59 

Heights  and  Depths  eftimated  by  falling  Bodies,          -  60 

A  Table  of  Falling  Bodies,  -  -  -  -  (;  j 
To  meafure  Heights  and  Diftances  by  ^thc  Geometrical 

Square,        -----  64 

Logarithmic 


«  CONTENTS. 

Logarithmic  Table  of  Numbers  from  1  to  I  oooo  -         65 

A  Table  of  Logarithmic  Sines,  Tangents,  Secants,  and 
Verfed  Sines,  to  every  Degree  and  Minute  of  the 
Quadrant,         -  -  -  -  "73 

A  Table  of  Logarithmic  Sines,  Tangents,  and  Secants,  for 
every  Point,  half  Point,  and  Quarter  Point  of  the 
Mariners  Compafs,  -  -  -  118 

Surfaces,  -  -  -  -  -      113 

Duodecimals,  -  -  -  -         114 

To  find  the  Area  of  a  Square,  -  -  -117 

To  find  the  Area  of  a  Reftangle,  -  -  118 

To  find  the  Area  of  a  Rhombus,  or  Rhomboid,  1 19 

To  find  the  Length  or  Breadth  of  a  given  Parallelogram,    121 
To  fmd  the  Area  of  a  Triangle,  -  -  122 

■ of  a  right-angled  Triangle,  -  -  1 29 

To  find  the  Area  of  a  Trapezoid,  -  -  133 

Tc  find  the  Area  of  a  Trapezium,  -  -  131 

To  fmd  the  Area  of  an  irregular  Polygon,  ^  I'^c 

■ of  a  regular  Polygon,  -  139 

.  of  the  Circle  and  its  parts,  -  143- 

To  find  the  Area  of  the  Cycloid,  -  -  162 

To  fmd  the  Sine  and  Co-fine  of  an  Arch,  -  1^3 

To  find  the  Tangent  and  Co-tangent  of  an  Arch,  i66 

To  find  the  Secant  and  Co-fecant  of  an  Arch,  -  168 

To  find  the  Area  of  Lunes,  -  -  -  1691 

Solids,  -  -  -  -  -  172 

To  find  the  Superficies  of  a  Cube,  -  ■..  j  73 

To  find  the  Solidity  of  a  Cube,  -  -  174 

To  find  the  Superficies  of  a  Parallelopipedon  or  Prifm,       175 
To  find  the  Solidity  of  a  Parallelopipedon,  Prifm,  and  Cy- 
linder, -  -  -  -  -         176 
To  find  the  Superficies  of  any  Pyramid  or  Cone,  17^ 
To  find  the  Solidity  of  a  Cone  or  Pyramid,            •«  179 

T« 


CONTENTS.  xi 

To  find  the  Superficies  of  the  Fruftum  of  a  Gone,  i8o 
To  find  the  Solidity  of  the  Fruftum  of  a  Cone  of  Pyramid,  18 1 
To  find  the  Solidity  of  the  Prifmoid,  -  -  187 
To  find  the  Solidity  of  a  Wedge,  -  -  189 
To  find  the  Superficies  of  a  Sphere,  -  -  190 
To  find  the  Solidity  of  a  Sphere,  -  -  -  192 
To  find  the  Superficies  of  any  Zone,  -  -  194 
To  find  the  Solidity  of  the  Segment  of  a  Sphere,  195 
To  find  the  Solidity  of  the  middle  Zone  of  a  Sphere,  196 
To  find  the  Area  of  a  circular  Spindle,  -  -  199 
To  find  the  SoHdity  of  a  circular  Spindle,  -  201 
To  find  tlie  Solidity  of  the  middle  Zone  of  a  circular  Spin- 
dle, -  -  -  -  203 
To  find  the  Area  and  Solidity  of  the  five  regular  Bodies,  206 
To  find  the  Surface  and  Solidity  of  a  cylindric  Ring,  207 
Conic  Sections,  -  -  *  -  2c8 
To  defcribe  an  Ellipfe,  -  -  -  ,  209 
Of  the  Ellipfe  and  its  parts,  -  -  -  210 
To  defcribe  a  Parabola,  -  -  -  217 
Of  the  Parabola  and  its  parts,  -  -  218 
To  defcribe  an  Hyperbola,  •  -  -  222 
Of  the  Hyperbola  and  its  parts,  -  -  223 
Land  surveying,  -  .  -  -  245 
To  find  the  Content  of  a  Field,  -  -  248 
Of  dividing  or  laying  out  of  Ground,  -  -  273 
Gunnery,  -----  279 
Cafes  on  horizontal  Planes,  -  -  -  28  c 
Oblique  Cafes,  -  -  -  290 
Of  the  piling  of  Shot,  -  -  -  -  294 
Specific  Gravity,  -  -  -  303 
Of  Balls  and  Shells,  -  -  -  311 
To  find  the  Caliber  of  Englifti  Guns,  -  -  336 
Gauging,           -               -               •             -  321 

To 


xli  CONTENTS. 


To  gauge  Surfaces,                -                -                - 

324 

To  gauge  Solids,             -                 -             -             - 

321 

Inching  Tuns  and  Coolers,                 ... 

337 

To  gauge  a  Copper  with  a  rifing  Grown, 

341 

C  alt-gauging,              -                  -                 *             - 

343 

To  find  the  Ullage  of  a  Caik, 

348 

To  gauge  malt,                 -              -             -             - 

351 

Artificers  measuring,                 -            .            - 

353 

Sliding  Rule,  its  various  Ufes, 

ib 

To  meafure  Board  and  Timber, 

355 

The  common  Method  exploded, 

3^2 

Mafon-work,                 -                 -                 -             _ 

366 

Bricklayers-work,                  -             .                  - 

368 

Plaifterers-work,                  -             - 

2^9 

Carpenters-work,              -                  -                 -             . 

370 

Tilers  and  Slaters  work,                 -                     - 

371 

Glaziers-work, 

372 

Painters-work,             - 

373 

Mifcellaneous  Queflions,             -                 -             - 

374 

Algebra,            -             -            -             -            > 

3«5 

Addition,              -              -              -              -              - 

388 

Subtraftion,             -             -             -             -             . 

390 

Multiplication,                 -                 .                   . 

392 

Divifion,                -                 -                 -                  « 

394 

Involution, 

398 

Evolution,                  -                  -                  -             . 

0  y 

402 

Proportion,              -                  -                  -                  . 

412 

Simple  Equations,                  -                 -                  - 

413 

Quadratic  Equations,                  -                 -             - 

418 

Geometrical  Problems,                 -                 -            - 

424 

GEOMETRICAL 

GEOMETRICAL  DEFINITIONS. 


1 .  A.  POINT  is  that  which  has  no  parts,  neither  length, 
breadth,  nor  thicknefs. 

2.  A  Hne  is  length,  without  breadtli  or  thicknefs. 

3.  A  furface,  or  fuperficies,  is  that  which  has  length  and 
breadth,  without  thicknefs. 

4.  A  folid  is  that  which  has  length,  breadth^  arid  tliicknefs. 

5.  Points  ate  the  extremities  of  a  line. 

6.  Lines  are  the  boundaries  of  a  fuperficies. 

7.  Superficies  are  the  boundaries  of  a  folid. 

8.  A  flraight  line  lies  evenly  between  its  extreme  points. 
See  plate  l-ftg-  i. 

9.  Parallel  lines  are  fuch  as  are  in  the  fame  plane,  and  keep 
the  fame  diftance,  though  produced  ever  fo  far. 

10.  An  angle  is  the  inclination  of  two  lines  of  difii^rent  di- 
rections, and  meeting  in  a  point.     See  plate  I'fig-  2. 

N.  B.  When  two  lines,  AB,  and  BC,  meet  in  any  point, 
B,  the  angle,  may  be  expreffed  by  three  letters,  putting 
B,  the  letter  which  is  at  the  angular  point,  l,etw<en  tjie 
other  two,  thus  :  ABC,  or  CBA.  '    '^  * 

11.  When  one  ftraight  Hne  falls  upon  another  ftraight  line, 
fo-as'tb  make  the  adjacent  angles  equal  fo  one  another,  each  of 
them  Is  a  right  angl  e  and  tlie  flraight  line-  which  falls  upon 
the  other  is  perpendicular  to  it.     Seep  fate  i«  j%-  3. 

1^3^.  An;  angle  which' is  lefs  than  a  right  angle,  is  called  an 
acute  angle.  '  See  plat^e  i .  fi^.  4. 
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13.  An  angle  which  is  greater  than  a  right  angle,  is  called 
an  obtufeNangle.     P/ate  1.7%.  5. 

14.  A  figure  is  thiit  which  is  Inclofed  by  one  or  more  boun- 
daries. 

15.  A  triangle  is  bounded  by  three  flraight  lines.  ^ 

16.  Quadrilateral  figures  are  bounded  by  four  flraight  lines. 

17.  Polygons  are  bounded  by  more  than  four  flraight  lines. 

1 8.  An  equilateral  triangle  is  that  which  has  all  its  fides  e- 
qual.     P/ate  1.7%.  6. 

19.  An  ifofceles  triangle  is  that  which  has  two  of  its  fides 
equal.     Plate  i.j^g.  7. 

20.  A  fcalene  triangle  is   that  whofe  fides  are  all  unequal. 
Plate  I. Jig.  8. 

21.  A  right-angled  triangle  is  that  which  has  one  right  angle. 
Plate  I 'Jig'  9« 

22.  The  longcfl  fide  of  a  right-angled  triangle  is  called  the 
hypothenufe. 

23    An  acute  angled  triangle  is  that  whofe  angles  are  all  a- 
cute.      Plate  l-fg.  10. 

24.  An  obtufe  angled  triangle  is  that  which  has  one  obtufc 
angle.     See  plate  l.Jig-  ii. 

25.  A  fquare  is  a  figure  whofe  fides  are  equal,  and  all  its 
angles  right  angles.     Seb plate  i.  Jig,  12. 

-  26.  An  oblong  is   that  whofe  parallel  fides  only  are  equal, 
and  all  its  angles  right  angles.      Plate  i.j%.  13. 

-  27.  A  rhombus  is  that  which  has  all  its  fides  equal,  but  its 
angles  not  right  angles.     Plate  1.7%.  1  2. 

-  28.  A  rhomboid  is  that  whofe  oppofite  fides  only  are  equal, 
but  its  angles  not  right  angles.     Plate  1.7%.  13. 

-.  29.  A  trapezium  is  a  four-fided  figure,  which  has  none  of 
its  fides  parallel.     Plate  i.fg-  14. 

•  30.  A  trapezoid  is  a  quadrilateral  figure,  with  two  of  its 
fides  parallel.     Plate  i-ftg*  15. 

31.  A  diagonal  is  a  flraight  line,  which  joins  any  two  oppo- 
fite angles  of  a  quadrilateral  figure.     Plate  1.7%.  i^. 

I  '  32.  A 
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32.  A  circle  Is  a  figure  bounded  by  one  curve  line,  wliicli  is 
called  the  circumference.     F/aie  i.fig-  17. 

33.  The  centre  of  a  circle  is  a  point  A,  within  the  figure, 
cquidiftant  from  every  point  in  the  circumference. 

34.  The  radius  of  a  circle  is  the  diftance  between  the  centre 
and  circumference, 

35.  The  diameter  of  a  circle  is  a  ftraight  line  drawn  through 
the  centre,  and  terminated  both  ways  by  the  circumference. 

A  Is  the  centre. 
AB  the  radius. 
CD  the  diameter. 
Notey  The  diameter  is  equal  to  twice  the  radius. 

36.  An  arch  is  any  part  of  the  circumference. 

37.  The  chord  of  an  arch  is  a  ftraight  line,  drawn  between 
the  extremities  of  an  arch. 

38.  The  fegment  of  a  circle  Is  that  fpace  contained' between 
the  chord  and  arch  of  the  fame  circle. 

39.  A  regular  polygon  Is  that  whofe  fides  are  all  equal. 

40.  An  Irregular  polygon  Is  a  figure  whofe  fides  are  not  all 
equal. 

41.  Polygons  receive  names  according  to  the  number  of 
their  fides  and  angles. 

Thus,  A  trigon  has  3  fides. 
A  tetragon  4 
A  pentagon  5 
A  hexagon  6 
A  heptagon  7 
An  o£l:agon  8  ^ 

An  eneagon  9 
A  decagon  10,  &c. 

42.  A  mixed   angle   is  that  which  is  formed  by- one  curved 
line  meeting  another  ftraight  line. 

43.  A  cun^e-lined  angle  Is  that  which  is  formed  by  the 
meeting  of  two  cunxd  lines. 

A  2  GEO- 
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I.  To  make  an  Equilateral  Triangle  upon  a  given  line  AS. 

FROM  the  centre  A,  at  the  diflance  AB,  defcribe  an  arch ; 
and  from  the  centre  B,  with  the  fame  radius,  defcribe  another 
arch,  cutting  the  former  in  C ;  join  C A  and  CB.  Plate i-fg- 1 8. 

PROBLEM  II. 

To  hifeB  any  given  line  AB  into  two  equal  parts. 

Upon  B  for  a  centre,  with  a  radius  more  than  the  half  of 
AB,  defcribe  an  arch  ;  and  on  A  for  a  centre,  with  the  fame 
radius,  defcribe  another  arch,  cutting  the  former  in  the  points 
C,D  :  Join  CD,  and  CD  will  bifed  AB  in  the  point  E.  Plate 
l,fig.  19. 

PROBLEM  III. 

To  ereB  a  perpendicular  from  a  given  point  A,  in  a  given  line  AB. 

UPON  any. point,  C  for  a  centre,  with  the  radius  CA,  de- 
fcribe a  circle,  cutting  th«i  given  line  alio  in  D ;  draw  the  dia- 
meter DCE,  and  join  EA  j  then  fhall  EA  be  the  perpendicu- 
lar.    Plate  2.  fig.  2Q. 

PRO- 
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PROBLEM  IV. 

7'o  ere&  a  perpendicular  from  a  given  point  A^  in  a  given  line  AB^ 
another  way. 

FROM  the  given  point  A,  with  any  radius  AC,  defcribc  an 
arch,  cutting  the  given  Hne  in  C  ;  from  C,  with  the  fame  ra- 
dius, cut  the  former  arch  in  D  and  E  ;  and  upon  thefe  points 
as  centres,  defcribe  arches  cutting  in  R  ;  join  RA,  and  it  will 
be  the  perpendicular  required.     Plate  2.  fg.  21, 

PROBLEM  V. 

From  a  given  point  C,  to  drop  a  perpendicular  upon  a  given  line  AB. 

On  C,  the  given  point,  as  centre,  with  any  convenient  dl- 
ftance,  fweep  an  arch,  cutting  the  given  line  in  the  pointc; 
D,E  ;  and  from  thefe  points,  with  any  radius  more  than  half 
their  diftance,  defcribe  arches  cutting  each  other  either  above 
or  below  the  line  ;  join  the  point  of  interfe6lion  and  C,  and  it 
will  be  the  perpendicular.     Plate  2.  Jig.  22. 

PROBLEM  VL 
To  bife3  a  given  angle  ABC. 

From  B  the  angular  point  as  centre,  defcribe  an  arch  cutting 
the  containing  (ides  in  D,Fj  on  D,F  for  centres,  defcribe  arches 
of  equal  radii,  cutting  each  otlier  in  E  ;  join  BE,  which  will 
bife<^  the  angle  ABC.     Plate  2.fg.  23. 

PRO- 
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PROBLEM  VIL 

To  trifeB  a  right  angle  ABC. 

FROM  the  angular  point  B,  with  any  radius  defcribc  the 
arch  AC ;  from  C  as  centre,  with  the  fame  radius,  cut  the  arcTi 
AC  in  D  ;  and  from  the  centre  A,  with  the  fame  radius  cut 
the  arch  AC  in  E  ;  then  join  DB,  EB,  and  they  will  trifedt  the 
angle.     Plate  2.  Jig*  24. 

PROBLEM  Vin. 

To  draw  a  line  parallel  to  a  given  line  AB. 

FROM  any  two  points,  D  and  E,  defcribe  arches  of  equal 
radii ;  draw  CF  to  touch  thefe  arches,  and  CF  will  be  parallel 
to  AB. 

PROBLEM  IX. 

To  divide  a  Vmc  AB  into  any  number  of  equal  parts, 

LET  it  be  required  to  divide  AB  into  fcven  equal  parts,  from 
A  draw  AD  at  any  angle  ;  and  from  B  draw  BC  parallel* to  AD. 
On  each  of  thefe  parallel  lines  lay  off  as  many  equal  parts  as  AB 
is  to  be  divided  into  :  Join  the  oppofite  points  of  divifion  by 
ftraight  lines,  pafling  through  AB,  and  they  will  divide  AJJ  as 
required.     Plate  2-fg.  26. 

PROBLEM  X. 

To  find  a  fourth  proportional  to  three  given  linens. 

MAKE  any  angle  ABC :  Set  off  the  firft  term  from  B  to  D, 
^e  fecond  from  D  to  A,  the  third  from  B  to  E  j  join  DE,  and 

through 


through  A  draw  AC  parallel  to  DE ;  then  EC  will  be  the 
fourth  proportional  required.     Plate  2.Jig.  27. 

PROBLEM  XI. 

!Zo  find  a  mean  proportional  between  tivo  given  lines y  AB,  BC. 

MAKE  AC  equal  AB>J<BC  •,  blfea  the  line  AC  in  the  point 
D,  with  the  centre  D,  and  radius  DA,  or  DC,  defcribe  the  fe- 
micircle  AEC  ;  ere61:  the  perpendicular  BE,  and  it  will  be  the 
mean  proportional  required.     Plate  2.  fig.  28. 

PROBLEM  XIL 

To  make  a  triangle  ivith  thee  given  lines,  AB,  BC,  CA. 

TAKE  any  line  AB  for  the  bafe  line ;  on  the  centre  A, 
with  the  radius  AC,  defcribe  an  arch  ;  on  the  centre  B,  with 
the  radius  BC,  defcribe  another  arch,  cutting  the  former  in  C; 
join  CA  and  CB,  and  ABC  is  the  triangle  required.  Plate  2. 
fiig.  29. 

PROBLEM  XIIL 

To  meafure  any  given  angle  from  a  line  of  chords, 

FROM  the  angular  point  A,  with  the  chord  of  60°  for  a 
radius,  defcribe  an  arch  cutting  the  containing  fides,  produced, 
if  neceflary,  in  the  points  D,E  -,  take  the  diilance  DE  in  your 
compafles,  and  apply  ir  to  the  line  of  chords.  Thus  the  quan- 
tity of  any  angle  is  obtained.      See  fig.  -^i.  plate.  2. 

Note,  When  the  angle  to  be  meafured  is  obtufe,  it  muft  be 
taken  off  at  twice.  Thus,  let  the  angle  be  1 20° ;  firft  take 
90°  and  30°,  or  6q°  and  60°,  either  of  which  will  do. 

PRO- 
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PROBLEM  XIV. 

!?£>  make  an  angle  of  any  propofed  number  of  degrees^  ivith  a  given 
line  A^, 

WITH  the  centre  A,  and  Tadius  60°  defcribe  an  arch,  cut- 
ting AB  in  C ;  then  take  the  propofed  number  of  degrees  in 
your  compafles,  and  with  this  for  a  radius  and  centre  C,  de- 
fcribe another  arch,  cutting  the  former  in  D  ;  join  ADj  and 
the  thing  is  done. 

PROBLEM  XV. 

Upon  a  given  line  A  3,  to  defcribe  a  fquare, 

UPON  the  point  AB  ereft  a  perpendicular  AD,  equal  to 
AB;  from  the  centre  B,  with  the  radius  AB,  defcribe  an  arch; 
and  on  D  as  centre,  with  the  fame  radius  defcribe  another  arch, 
cutting  the  former  in  the  point  C  j  join  DC  and  BC,  and  it 
is  done. 

PROBLEM  XVr. 

To  defcribe  a  parallelogram  of  a  given  length  and  breadth. 

Make  BC  perpendicular  to  AB  ;  upon  A,  as  centre  and  ra- 
dius BC,  defcribe  an  arch  •,  with  ^he  centre  C,  and  radius  AB, 
defcribe  another  arch,  cutting  the  former  in  D  ;  theil  join  DC 
and  DA,  and  it  is  done. 

PROBLEM  XVII. 

To  defcribe  a  circle  in  a  given  (rianglcy  ABC. 

BISECT  any  two  of  the  angles  with  the  lines  AD  and  BD  ; 
from  D  drop  a  perpendicular  DE,  upon  any  one  of  the  three 

fides  : 


GEOMETRICAL  PROBLEMS.  9 

fi^es  *,  then  upon  D  for  a  centre,  and  radius  DE,  defcrlbc  the 
circle,  and  it  is  done.     Plate  2.  fig'  34. 


PROBLEM  XVIIL 

About  any  given  triangle  to  defcribe  a  circle, 

BISECT  any  two  fides,  BA,  BC,  by  perpendiculars,  DE, 
DF,  with  the  centre  D,  and  radius  equal  to  the  diflance  of 
any  one  of  the  angles,  defcribe  a  circle.     Plats  3-7%^  35* 

l^ROBLEM  XIX. 

Sn?  defcribe  a  circle  in  or  about  a  giveii  fquare, 

DRAW  two  diagonals  to  the  given  fquare  ;  at  the  interfec- 
tlon  D  drop  a  perpendicular  DE ;  on  D  as  ceptrc,  wi£h  the  ra- 
dius DE,  defcribe  a  circle  for  the  infcribed  circle ;  on  D  as 
centre,  with  half  the  diagonal  for  the  radius,  defcribe  another 
for  the  circumfcribed  circle.     Plate  '>,.fig,  36* 

PROBLEM  XX. 

^0  defcribe  a  fquare  in  or  about  a  given  circle, 

DRAW  two  diameters,  AB,  CD,  at  right  angles  to  each  o- 
ther  ;  join  their  extremities  for  the  infcribed  fquare  ADBC,  and, 
at  the  angular  points  of  the  infcribed  fquare  draw  tangents, 
and  they  will  form  the  circumfcribed  fquave,  abed.  Plate  3. 
fS'  37' 

'    ^  PRO- 
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PROBLEM  XXL 

^0  defcrihe  a  circle   through  three  given  points^  A,B,C,  luhtch  are 
7iot  in  the  fame  Jlraight  line. 

JOIN  the  ttirddle  point  to  the  other  two ;  bife£l  their  diftan- 
ces  perpendicularly  by  ftraight  lines  meeting  in  D  ;  then  with 
the  centre  D,  and  diftance  of  either  of  the  three  given  points 
as  radius,  defcribe  a  circle,  and  it  fliall  pafs  through  A,B,C. 
Plate  I,  fig.  38. 

PROBLEM  XXIt 

Afegment  of  n  circle  being  given^  to  defcribe  the  circle  tf  which  it 
is  the  fegment. 

'  Draw  AC  the  chord,  and  bifeft  it  at  tight  angles  by  BD  ; 
then  join  AB,  and  make  the  angle  BAD  equal  to  the  angle 
ABD  -,  draw  AD,  then  with  the  point  D  as  centre,  and  radius 
DA,  DB  or  DC,  defcribe  the  circle,  and  it  is  done.  Plate  ;^* 
fig.  39.  Or,  take  any  three  points  in  the  fegment,  and  bife6t 
their  diftances,  and  the  bife6ting  lines  will  interfedl  each  other 
in  the  centre,  as  in  prob.  21. 

PROBLEM  XXIIL 

To  defcribe  a  parallelogram  that  fijall  be  equal  to  a  given  triangle^ 

ABC. 

Bife£t  BC  in  E ;  join  AE,  and  draw  CD  equal  and  parallel 
to  AE  •,  then  join  AD,  and  AECD  is  the  parallelogram  requir- 
ed.    Plate  '^.fig'  40. 

PRO- 
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PROBLEM  XXIV. 

To  make  a  triangle  equal  to  a  given  trapeziumt  ABCD. 

Draw  the  diagonal  BD,  and  through  C  draw  CE  parallel  to 
BD,  and  meeting  AD  produced  in  E,  join  BE ;  and  the  tri- 
angle ABE  is  equal  to  the  trapezium  ABCD.     Plate  3.  j%.  41. 

PROBLEM  XXV. 

To.  make  a  triangle  equal  to  an  irregular  polygo)?,  ABCDE. 

Draw  the  diagonals,  CA,  CE,  through  B,D  ;  draw  DG  and 
BE  parallel  to  them,  meeting  the  bafc  AE,  produced  both  ways 
in  F  and  G  5  join  CF  and  CG  ;  fo  fhall  the  triangle  FCG  bs 
<c^ual  to  the  given  figure  ABODE..    Plate  ^'J^g'  42. 

PROBLEM  XXVL 

To  divide  the  area  of  a  given  circle  into  any  number  of  equal  parts y 
by  concentric  circles y  fuppofe  into  three  equal  parts. 

Divide  the  femidiameter  AC  into  three  equal  parts,  in  the 
points  a,b ;  alfo  biie6l  AC  in  the  point  x  ;  and  upon  x  as 
centre,  with  the  radius  Ax,  or  xC,  defcribe  the  fcmicirclc 
AabC  ;  and  through  the  points  of  divifion  a^by  ere£l  perpen- 
diculars to  meet,  the  femicircle  in  a,  and  b  ;  then,  on  C  as  cen- 
tre, with  the  dillances  b^a,  defcribe  circles,  and  it  is  done.. 
Plate  2,- Jig.  AZ- 

PROBLEM  XXVII. 

The  fundamental projeEiion  of  the  diagonal  fc ale. 

Draw  a  line  AE,  of  any  convenient  length  ;  divide  it  into 
\X  equal  parts  3,  complete  thcfe  into  parallelograms  of  a  conveni- 

B  2  ent 
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ent  height,  by  drawing  parallel  lines ;  divide  the  altitude  of" 
thefe  redangles  into  ten  equal  parts,  and,  through  each  of  thefe 
parts,  draw  parallel  lines  the  whole  length  of  the  fcale.  Di- 
vide the  firft  divifion  AB  into  ten  equal  parts,  alfo  CD  into  as. 
many,  and  connect  thefe  points  of  divifion  by  diagonal  lines, 
and  the  fcale  is  finifhed. 

In  taking  meafures  from  the  diagonal  fcale^-If  the  large  di- 
vifions  be  reckoned  units,  the  fmall  divifions  from  A  to  B  will 
be  decimals.  If  the  great  divifions  be  lo,  each  of  the  fmall 
divifions  is  an  unit ;  and  if  the  great  divifions  be  i  oo,  then'each 
of  the  fmall  divifions  is  lo,  and  each  divifion  in  the  sltitude  is, 
an  unit. 

If  it  were  required  to  take  off  456  from  the  fcale  ;  with  one 
foot  of  the  compafies  on  4,  extend  the  compares  till  you  have 
4  of  the  great  divifions  and  5  of  the  leffer  ;  then  flide  up  your 
compalles  vi^ith  a  parallel  motion  till  you  come  to  6  on  the  pa- 
rallel lines,  and  you  have  the  extent  required. 

PROBLEM  ZXVIIL 

The  conflrttHmi  of  the  Ihip  of  chords,  ftnes,  tangents^  and  fecants^ 

About  the  centre  C,  with  any  convenient  radius  *,  defcribe- 
the  feniicircle  ADB  j  ere£l  the  perpendicular  CF,  which  wi^  d.i-. 
vide  the  fcmicircle  into  two  quadrants,  viz.  AD,  BD  :  divide 
the  qu.idrant  Y^^  into  nine  eqUal  parts,  and  upon  the  point  B, 
ere£l  a  perpendicular  BT,  then  draw  AD  and  BD. 

On  B  as  centre,  transfer  each  of  thefe  divifions  in  the  qua- 
drant DB,  to  the  ftraight  line  BD  ;  then  is  BD  a  line  of  chords. 

From  tlie  points  10,  20,  30,  &c.  in  the  quadrant  BD,  drop 
pcrp'jnAiciilars  upon  the  diameter  AB  J  transfer  the  perpendi- 
culars, 
•  The  devices  arc  numbered  frcm  5  to  D.. 
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culars  to  DC  j  fo  fliall  DC  be  a  line  of  fines,  and  CB  a  line  of 
verfed  fines. 

From  the  centre  C,  draw  ftraight  lines  through  each  divifion 
in  the  quadrant  BD,  to  meet  the  tangent  BT ;  fo  {hall  BT  be 
a  line  of  tangents. 

From  the  centre  C,  with  the  diftances  of  each  of  the  lines' 
which  meet  the  tangent,  fweep  arches  to  cut  CF ;  then  ihall 
CF  be  a  line  of  fecants. 

If  from  the  point  A  ftraight  lines  be  drawn  to  the  feveral  di-. 
vifions  in  the  quadrant  DB,  they  will  divide  the  radius  CD  in-, 
to  a  line  of  femitangents. 

Again — Divide  the  quadrant  AD  into  eight  equal  parts,  and 
from  A,  transfer  the  divifions  to  the  liuo  AD  ;  then  fliall  AD 
become  a  line  of  rhumbs,  each  divifion  anfwiering  to  a  point  of 
the  mari  ner's  compafs, 

'  PROBLEM  XXIX. 

Xhe  anglcSy  and  one  leg  of  a   right-angled  triangle  being  given^  to 
ccnJlruEl  the  figure  ^  and  find  the  other  legl 

r  Angle  A=3o°    40'! 
Given  X  Angle  C.=59°    20'  \  Required  BC. 

i  ABr^jCO  3 

From  the  diagonal  fcale  make  AB  300 ;  upon  B  ere£l:  a  per- 
pendicular of  an  indefinite  length ;  and  at  the  point  A  make 
an  angle  of  30°  40';  then  draw  the  line  AC,  and  it  is  done. 
If  the  angle  at  C  be  mcafured,  it  will  be  59°  20'  ;  and  if  the 
leg  B  C  be  applied  to  the  fame  diagonal  fcale  from  which  All 
was  taken,  it  will  meafure  177.9.     Pl<^te  2- fig-  43' 

PRO- 
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PROBLEM  XXX. 

^he  h^pothenufe  and  all  the  angles  being  ^ven^  to  find  the  legs^ 

I  AG=568     1 

Given  \  Angle  A=:39°  14'  >  Required  AB,  and  BC 


I  AG=568     7 

^  Angle  A=39°  14' f 
(.Angle  C=5o°  46^3 


Draw  the  line  AB  of  an  indefinite  length,  and  draw  AC  e* 
qual  568,  making  with  AB  an  angle  of  39°  14' ;  and  from  G 
drop  a  perpendicular,  cutting  the  bafe  in  B,  and  it  is  done  : 
J'or  if  angle  C  be  meafured  from  the  line  of  chords,  it  will  mea-. 
ijure  50°  46' ;  and  if  AB  be  meafured  from  the  fame  diagonal 
fcale,  it  will  meafure  440,  alfo  BC  359.2^.     Idlats.  '^-fig*  44., 

PROBLEM  XXXL 

The  two  legs  of  a  right-angled  triangle  beeng  given,  to  find  the  acutm 
angleSy  and  the  hypothennfe* 

Given  1^3= 1,501  Req.  angle  A,  angle  C, 
^'^^''|BC=i6oJand  AC. 

From  any  diagonal  fcale,  draw  AB=I50,  and  from  the  fame 
fcale  draw  BC  perpendicular  to  the  former  =  160;  join  AC,  and 
the  triangle  is  conftruded:  for  if  angle  A  be  meafured  from  aline^ 
pf  chords,  it  will  be  46""  51';  alfo  angle  C  43°  9'  j  and  AC  wiUL 
be  ;ii9.3  equal  parts.     Plate  2- fig'  45* 

PROBLEM  XXXH. 

The  hypothenu/e  and  one  of  the  legs  being  given,    to  find  the  acut^ 
angles  and  the  othct  leg. 

Given  I  ]>^qI^^J^A  Rec^uired  ang.  C,  ang.  A,  and  AB. 

Draw/ 
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Draw  the  bafe  AB,  upon  B  ere<a  the  perpendicular  BC  e^- 
Tjual  69  ',  take  150  from  the  fame  fcale,  and  with  the  centre  C, 
and  radius  150,  defcribe  an  arch  to  cut  the  bafe  in  A  ;  join 
AC,  and  it  is  done  :  For  angle  A  will  meafurc  27°  23',  and 
•angle  C  62°  37',  and  the  bafe  BG  133  equal  parts.  Plate  3* 
fig.  46- 

PROBLEM  XXXIIL 

Given  two  hngles  of  an  oblique  angled  triangle^  and  the  fide  oppofiti 
to  one  of  them  ;  to  find  the  other  fides. 

rAngleC52°  15'! 
Given  ■<  Angle  A  59°       >  Required  AC  and  BC^ 
t  A  B  276.5  3 

Find  the  fupplcment  of  the  fum  of  the  two  given  angle  j, 
thus:  59°  o'  +  52°  15  =  111°  15'. 

And  from  180°  fubtra6t  111°  15',  the  remainder  will  be, 
68°  45';  then  dtaw  AB  equal  276.5:  Draw  AC,  making 
angle  A  59°,  and  from  B  draw  BC,  making  angle  B  68°  45', 
and  meeting  AC  in  the  point  C,  and  it  is  done  :  then  fhall  AG 
meafure  325.9,  and  BC  299.7.     Plate  2'fg-  47- 


PROBLEM  XXXIV. 

'Two  fides  of  an  oblique  angled  triangle ^  and  the  angle  oppqfite  toont 
of  them  being  given y  to  find  the  otber  angles  and  the  third  ftde. 


C     AB=26  1 

liven  <      AC=39.42     VRequi 

tAng.B=9i°i5'^ 


lired  ang.  A  ang.  C  and'BC, 


Draw  the  bafe  AB  equal  26,  and  at  the  point  B  make  an 
angle  of  91°  15'  by  BC;  then  on  A  as  centre,  with  the  ra-^ 

dl!IS 
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dius  39.42,  defcribe  an  arch  cutting  BC  in  C,  and  join  AC^ 
and  it  is  done. 

So  fhall  angle  A  meafure  47°  30',  and  angle  C  41°  15' ;  alfo 
3BG  29.07  equal  parts.     Plate  2' fig-  4^- 

PROBLEM  XXXV. 

^nvoftdes,  and  the  contained  angle  of  any  triangle  being  given y  to 
jind  the  remaining  angles^  and  the  third  fide, 

f     AC=6o     1 
Given  K      66=50     >-R>equired  ang.  A  arig.  B  and  AB. 
^Ang.  C=45"i 

Draw  AG  equal  60,  and  BC  equal  50  equal  parts,  meeting 
in  G  at  an  angle  of  45°  j  then  join  AB,  and  it  is  done  :  For 
if  you  take  AB  in  your  compafles,  it  will  meafure  43.1  on  the 
fame  fcale  of  equal  parts;  alfo  angle  A  will  meafure  n°  7', 
Sind  angle  B  79°  53',  from  the  line  of  chords.     Plate  '^-fg.  49 
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JLjOGARITHMS  are  a  fet  of  artificial  numbers,  and  may  be 
eonfjdei;ed  as  the  indices  of  a  feries  of  Geometrical  proportion- 
als, and  are  fo  related  to  the  natural  numbers,  that  the  addition 
of  Logarithms  is  equivalent  to  the  multiplication  of  the  corre- 
fponding  numbers ;  alfo,  the  fubtradiion  of  logarithms  is  the 
fame  as  the  divifion  of  the  correfponding  numbers  ;  their  dif- 
ference being  the  logarithm  of  the  quotient. 

Here  it  may  be  obferved,  that  common  numbers  are  a  feries 
whofe  differences  are  equal  •,  fuch  as,  2,  4,  6,  8,  lo,  &c.  where 
the  common  difference  is  2,  and  are  called  a  feries  in  arithme- 
tical progreflion. 

Alfo  a  feries  of  numbers  whofe  ratios  are  equal,  are  called 
a  feries  in  Geometrical  progreflion;  fuch  as,  2,  4,  8,  16,  32, 
64,  &c.  the  common  ratio  being  2. 

The  following  table  will,  in  fome  meafure,  illuftrate  thefe 
general  obfervations. 

Note^  Column  A  Is  a  feries  in  arithmetical  progreflion ;  the 
other  columns  are  in  Geometrical  progreffion,  the  common  ra- 
tios being  2,  3,4,  5,  10. 


Table. 


1$ 


LOGARITHMS. 


TABLE. 


A 

B 

-  G 

P^ 

./u^vi^ 

.  hrJ^ 

tiUlt  3flt£ 

o 

I 

I 

I 

-1 

JM.  -.  -J 

I 

2 

3 

4 

^   5 

10 

2 

4 

9 

16     2J 

I  to 

3 

8 

27 

64 

125 

1000 

' 

4 

i6 

81 

256 

625 

1 0000 

5 

32 

^43 

1024 

3125 

i©o®oo 

6 

64 

729 

4096 

.5625 

lOGOOOO 

7 

128 

2187 

16384 

78125 

I 0000000 

Now,  kt  it  be  required  to  multiply  9  by  81,  the  produ£t  will 
be  729. 

The  terms  in  column  A,  correfponding  to  the  factors,  are 
2  and  4  j  and  which  being  added  together,  will  give  6 ;  over 
againft  6  in  column  A,  is  729,  the  produ£l  in  column  G. 

Again — Let  it  be  required  to  divide  78125  by  125,  the  quot 
will  be  625.    By  the  table  it  may  be  performed  thus :  Find  the 

,  numbers 


LOGARITHMS.  ip 

numbers  In  column  A,  anfwering  to  78125,  the  dividend,  and 
to  125  the  divifor  (both  in  column  E) ;  fubtraft  the  lefler  from 
the  greater,  and  over-againft  their  difference  in  column  A  is 
625  the  quotient  in  column  E. 

By  extending  the  foregoing  table,  many  operations,  both  in 
multiplication  and  divifioa  might  be  facilitated,  provided  the 
fame  numbers  occur  ifn  the  table ;  but  as  this  feldom  happens, 
the  ufe  of  fuch  a  table  vi^ill  be  confined  to  a  few  inftances.  In 
order,  therefore,  to  extend  its  utility,  we  fhall  ftiew  a  method 
by  which  tliis  inconveniency  is  removed. 

There  was  a  method  formerly  in  ufe  in  making  logarithms  : 
The  firft  inventors  chofe  a  fet  of  numbers  in  arithmetical  pro- 
greffion,  that  fliould  anfwer  to  a  fet  of  geometrical  ones  ;  (this 
is  entirely  arbitrary  j)  and  they  chofe  the  decuple  geometrical 
progreffion  as  the  moft  convenient,  correfponding  to  the  arith- 
metical feries  i>  2,  3,  4,  5,  6,  7,  &c.,  as  the  fimpleft,  whof« 
common  difference  is,  i.  as  follows : 

Arith.  progreffion,  or  log.     o,         i,         2,         3,         4. 
Geo.  prog,  or  numbers  i,       10,     100,  1000,  loooo. 

Hence  it  appears,  that thelogarithm of  i  is  o,  of  10  is  i,  of 
100,  is  2,  &c. :  but  feveral  numbers  may  be  interpofed  between 
each  of  thefe ;  for,  between  i  and  10  are  2,  3,  4,  ^^6,  7,  8,  9; 
to  them  alfo  might  indices  be  adapted,  fuited  to  each  term  be- 
tween I  and  10,  confidered  in  geometrical  progreffion.  Like- 
wife  indices  may  be  found  to  each  term  interpofed  between  any 
two  terms  whatever,  in  geometrical  progreffion. 

It  is  plain,  that  the  indices  to  all  the  numbers  under  10  is 
lefs  than  i  ;  that  is,  they  are  fo  many  decimal  parts  ;  likewife, 
that  tlie  indices  of  numbers  between  10  and  100  are  i  of  an 
integer,  and  fo  many  decimal  parts,  and  fo  on  of  numbers 
greater  than  100. 

The  integral  part  is  commonly  called  the  index,  and  the  de- 
cimal part  the  logarithm. 

C  2  But 
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But  fince  the  above  method  is  fp  intolerably  laborious,  the 
more  learned  mathematicians  have  thought  of  a  more  compen- 
dious one,  by  the  menfuration  of  hyperbolic  fpaces,  con- 
tained between  the  portions  of  an  afymptote,  and  right  lines 
perpendicular  to  it  and  the  curve  of  an  hyperbola  *,  but  fuch 
computations  depend  on  principles  that  require  the  higher  parts 
of  Geometry,  and  cannot,  therefore,  according  to  our  plan,  be 
introduced  here. 

We  fliall  fubjoin  the  procefs  for  obtaining  the  logarithm  of 
9,  as  derived  from  progreflion. 
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8.99708 

9.00720 

9-01733 

0.95410 
0.95459 
0.95508 

10.00000  j  I.OOOOC 

5.62341  :  0.75000 
3.16228  1  0.50000 

8.99708 

9.00214 
9.0072O/ 

0.95410 
0.95435 
0.95459 

10.00000  1  I.ooooo 

7.40894  j  0.87500 
5.02341  j  0.75000 

8.99708 
8.99961 
9.00214 

0.95410 
0.95422 
0-95435 

10.00000  I.ooooo 

8.65964;  0.93750 
7.49894^  0.87500 

8.99961 
9.00087 
9.00214 

0-95422 
0.95428 
^•95435 

10.00000 

930572 

8.65964 

I.ooooo 
0.96875 
0.93750 

8.99961 

9.OC024 
9.00087 

0.95422 
0.95425 
0.95428 

8.65964 

8.97687 
9.30572 

0.93750 
-0.95312 

0.96875 

8.99961 
8.99992 

9.00024 

0.95422 

0.95424 
0.95425 

8.97687 
9.13982 
9.30572 

©.95312 

.0.96094 
0  96875 

8.99992  0.95424 
9.00008  0.95425 
9  00024  0.95425 

8.97687 
9.05798 
9.13982 

0.95312 

0-95703 

0.96094 

8.99992  j  0.95424 

9.C0000  i  0.95424 
9.OCC08  '  0.95424 

8.97687 

9-01733 
9.05798 

0.95312 

G.95508 

0.95703 

1 
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8.99708 

9.01733 

0.95312 

0.95410 
0.95708 

Here 
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Here  becaufe  the  9  lies  between  i=A,  and  io*B,  find  a  mean 
proportional  C  between  them,  and  the  logarithm  of  the  fame, 
is  half  the  fum  of  the  two  laft  logarithms.  In  like  manner,  is 
found,  a  mean  proportional  D  between  B  and  C  ;  likewife  the 
logarithm  of  D  is  half  the  fum  of  the  logarithms  of  B  and  C  ; 
fo  in  the  i8th  ftep  of  this  procefs,  the  logarithm  of  9,  is  found 
to  be  0,95*^242. 

When  the  logarithms  of  prime  numbers  are  thus  calculated, 
the  bufmefs  becomes  eafier  5  for  the  logarithms  of  compofite 
•numbers  may  be  obtained,  by  adding  the  logarithms  of  their 
component  parts.  Thus,  the  logarithm  of  15  may  be  found, 
by  adding  the  logarithm  of  3  and  5  together;  for  3|i-5=i5> 
and  fo  on  of  any  other  compofite  number. 

The  logarithms  of  roots  are  raifed  to  any  given  power,  by 
multiplying  them  by  the  exponent  of  the  power,  ^  vice  verf». 


PROBLEM  I, 

Tojind  the  logarithm  of  any  given  number  from  the  tables, 

IT  is  ufual  to  divide  logarithmic  tables  into  10  columns  :  In  the 
left  hand  column,  are  the  natural  numbers  between  100  and 
1000,  and  at  the  top  and  bottom  are  marked,  o,  1,2,  3,  4, 
5,  6,  7,  8,  9. 

If  the  natural  number  is  lefs  than  1 00,  its  logarithm  is  found 
in  the  firft  page.  If  it  exceed  100,  and  is  lefs  than  1000, 
the  number  is  found  in  the  left  hand  column,  marked  No. 
and  its  logarithm  is  found  oppofiteto  it  in  the  adjacent  column, 
under  o;  butif^^the  number  exceed  1000,  and  is  lefs  than 
10000,  find  the  three  higheft  figures  in  the  column  of  num- 
bers, and  in  the  fame  line,  titled  by  the  unit  at  the  top,  is  the 
logarithm  required.  The  logarithm  of  1786,  may  be  found 
from  the  tables  :  thus,  in  the  column  No.  look  for  178,  and 

in 


LOGARITHMS.  23 

in*  the   fame  line,  under  6,  (the   units  place  at  he  top)   is 
3.25188,  the  logarithm  required. 

Notey  In  every  cafe,  the  index  is  lefs  by  i,  than  the  num- 
ber of  places  i  and,  on  the  contrary,  the  number  of  places 
y^   -\  *s  greater  by  unity  than  the  indexi 

The  logarithms  of  mixed  numbers,  are  found  the  fame  as 
if  they  were  integers  ;  but  the  integer  alone  determines  tlie  in- 
dex. 

Decimal  fractions  have  negative  indices,  which  are  to  be 
added  when  the  logarithms  are  fubtradted,  and  fubtra6ted  when 
the  logarithms  are  added. 


PROBLEM  II. 

^ojind  the  natural  number  correfponding  to  a  given  logarithm. 

LET  the  given  logarithm  be  2.75976,  it  is  required  to  find 
its  correfponding  number. 

Look  for  the  given  logarithm,  neglecting  the  i^dex,  and 
againft  it  on  the  margin,  you  find  575,  and  i  at  top,  which 
is  5751 J  but  the  index  being  2,  the  integer  mull  therefore  con- 
fift  only  of  three  places  ;  and,  by  pointing  off  towards  the  right' 
hand  for  decimais,  the  number  will  be  575.1. 

It  often  happens,  that  the  exa6l  logarithm  cannot  be  found 
in  the  tables,  in  which  cafe  we  take  the  neareft  to  it. 

PROBLEM  III. 

To  find  the  produB  of  two  given  numbers  by  logarithms. 

Rule,  Add  the  logarithms  of  both  favors  together,  and  thei* 
fum  is  the  logarithm  of  the  produ<^. 

Ex.  Re- 
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Ex,  Required  the  produ6l  of  15,  multiplied  by  7c: 

The  logarithm  of  15,  Is  1. 17609. 
The  logarithm  of  70,  is  1.845 10. 


The  log.  of  1050,  the  product,  3.021 19. 

PROBLEM  IV. 

To  find  the  quotient  of  two  given  numbers  by  logarithms. 

Rule,  From  the  logarithim  of  the  dividend,  fubtra<Sl  the 
logarithm  of  the  divifor,  and  the  remainder  is  the  logarithm  of 
the  quotient. 

jEx,  Required  the  quotient  of  425,  divided  by  15. 

The   log.  of  425,  is  2  62839. 
The    log.  of   15,  is  1. 17609. 


The  log.  of  2 8. 3 3,  the  quotient  1.45230. 


PROBLEM  V. 


To  find  thefquare,  cube,  or  any  higher  poiuer  of  a  given   number ^ 
by  logarithms. 

Rule,  Multiply  the  logarithm  of  the  root,  by  the  exponent 
of  the  power,  and  the  produ£t  is  the  logarithm  of  the  power 
tequired. 

'Ex.  Required  the  cube  of  12. 

The  log.  of  12,  is  1.079 18. 
3- 


The  log.  of  I2^=i728=:3. 23754. 

Pro- 
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PROBLEM  VI. 

^  extra^  thefquarcy  cuhe^  biquadratCy  ^c.  root  of  a  given  num* 
ber  by  logarithms. 

Rule,  Divide  the  logarithm  of  the  given  tiumbei*,  by  the 
exponent  of  the  power,  and  the  quotient  will  give  the  loga- 
rithm of  the  root. 

Ex.  Required  the  cube  toot  of  1728. 

The  logarithm  of  1728,  is  3.23754,  which,  if  divided  by  3, 
will  quot  1. 0791 8,  the  logarithm  of  12  the  root. 


PROBLEM  VIL 

^hree  mfrtbers  being  given,  to  find  a  fourth  proportional  to  them. 

Rule,  From  the  fum  of  the  logarithms  of  the  fecond  and 
third  terms,  fubtrafi  the  logarithm  of  the  firft,  and  the  remain- 
dler  is  the  logarithm  of  the  anfwer. 

Ex,  If  14  yards  cloth,  coft  7  1.,  what  will  704-  yards  coft  at> 
that  rate  ? 

The  log.  of  14,  is  1. 1 461 3  firft  term. 

of  7,  is  0.84510  fecond  term, 
of  70.5,  is  1.848 19  third  term. 


2.69329.  fum  of  the  2d  and  3d  termsv 
Log.  of  35.25,  is  1. 547 1 6.  remainder, 
or  35  L.  5s. 


0  PRO-J 
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PROBLEM  VIIL 

*ToJlnd  a  mean  proportiortat  between  any  two  numbers  by  hgarithrffS't 
■    ■  '■< 

Rulcy  Add  the  logarithms  of  the  two  given  numbers  together, 
and  half  their  fum  is  the  logarithm  of  the  mean  proportional. 


E^.  Rcq^ulred  a  mean  proportional  between  8  and  32. 

for  8:  1(5::  I(5i32. 


The  log.  of  8,  is  0.90309. 
Thelog.  of  32,  is  1.50515. 


2)  2.40824. 
The  log.  of  \^i  the  mean  prop.  1.204 12. 


PROBLEM  IX. 

^ofind  the  logarithm  of  the    Sine,  Tangent,    Secant y  belonging  U 
any  number  of  degrees  and  minutes  required. 

Rtiky  If  the  degrees  required,  be  lefs  than  45°,  feek  the  de^ 
grees  on  the  top,  and  the  minutes  in  the  left  hand  column 
titled  M,  in  the  fame  line  under  the  propofed  name  at  the  top, 
ftands  the  fine*  tangent  and  fecant  required.  If  the  degrees 
given,  exceed  45 '^^j  feek  the  degrees  at  the  bottom,  and  the  mi- 
nutes in  the  right  hand  column  marked  M,  and  the  propofed 
name  at  the  bottom, 

,  Note,  If  the  degrees  at  the  top  and  the  minutes  in  the  left 
hand  column,  be  added  to  the  degrees  at  the  bottom  and 
minutes  in  the  right  hand  column,  the  fum  will  be  90°. 
Hence  they  are  complements  of  each  other. 


TRIGO-  * 
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TRIGONOMETRY. 


X  L  A.NE  Trigonometry  is  that  part  of  Geometry,  which  teach- 
es how  to  meafure  the  fides  and  angles  of  plane  triangles.  It 
is  divided  into  right-angled  and  oblique-angled  trigonometry. 

The  circumference  of  any  circle,  is  divided  into  360  equal 
parts,  called  degrees,  and  each  degree  into  60  equal  parts,  cal- 
led minutes,  and  each  minute  into  60  equal  parts,  called  fe- 
cojids,  and  fo  on. 

Note,  Degrees  are  frequently  marked  °,  and  minutes '.  Thus,  * 
30  degrees,  14  minutes,  are  marked  30°,  14'. 

A  femi-circle  contains  180°,  and  a  quarter  of  a  circle  or 
quadrant,  90°.     Thus  the  arch  ABD,  is  180%  and  BD  ispo^ 


DEFINITIONS. 


I.  THE  complement  of  an  arch,  is  what  it  wants  of  go", 
or  of  a  quadrant.  Thus,  the  complement  of  the  arch  ED,. is  EB. 
See  Jig.  5©.  P/ate  \^. 

^   D  2  2,  The 
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2.  The  fupplcment  of  i|^  arch,  is  what  it  wants  of  a  femi-cii'- 
cle.  Thus  the  fupplement  of  the  arch  ED,  is  EBA. 

Note,  An  arch  and  an  angle  meafure  each  other. 

3.  A  line  drawn  through  one  extremity  of  an  arch  per- 
pendicular upon  the  diameter  paffing  through  the  other  extre- 
mity, is  called  the  fme  of  that  arch.  Thus,  EH  is  the  fine  of 
the  arch  ED,  or  of  the  angle  ECD. 

4.  The  fegment  of  the  diameter  intercepted  between  the  fine 
and  extremity  of  an  arch,  is  called  the  verfed  fine  of  that  arch. 
Thus,  HD  is  the  verfed  fine  of  the  arch  ED,  or  of  the  angle 
ECD. 

5.  A  ftraight  line  paffing  through  D>  one  extremity  of  an 
arch,  and  meeting  the  diameter  produced  through  E,  the  other 
extremity,  is  called  the  tangent  of  the  arch.  Thus,  GD  is  the 
,  angent  of  the  arch  ED,  or  of  the  angle  ECD. 

6.  A  fi:raight  line  drawn  from  the  centre,  through  one  extre- 
mity of  an  arch,  meeting  the  tangent  drawn  through  the  other 
extremity,  is  called  the  fecant  of  that  arch.  ThuSj  CG  is  the 
fccant  of  the  arch  ED,  or  of  the  angle  GCD. 

Corollary  I.  The  fine,  tangent  and  fecant  of  any  arch,  is  the 
fine,  tangent,  or  fecant  of  its  fupplement. 

BK  is  the  tangent,  CK  the  fecant,  and  EL  the  fine  of 
the  arch  BE,  according  to  definitions  3,  5,  and  6,  but  BE  is 
the  complement  of  the  arch  ED  ;  therefore  LE,  BK  and  CK, 
are  the  fine  complement,  tangent  complement,  and  fecant  com- 
plement of  the  arch  ED.  But  for  brevity's  fake,  they  are  cal- 
led the  co-fine,  co-tanj;ent,  and  co-£ecant  of  the  arch  EIJ,  or  of 

the  apgle  ECP.  ■'  ' 

>  Corol, 
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Corol.   2.  Since  the  triangle   CEH    and   GCD  are   fimilar, 
CH  :  CD  (=CE) : :  CE  :  CO.      Hence, 

In  words,  The  radius  is  a  mean  proportional  between  tlic 
CQ-fme  and  fecant  of  any  arch. 

Corol.  3.  Becaufe  the  triangles  BKC,  GCD  are .  fimilar, 
GD  :  DC  (=CB) : :  CB  ;  BK.    Hence, 

In  words,.  The  radius  is  a  mean  proportional  between  the 
tangent  and  co-tangent  of  any  arch. 

Note,  The  lead  pofTible  fecant,  -the  tangent  of  45*",  and  tlie 
fme  of  90'^,  are  each  of  them  equal  to  the  radius. 

In  every  triangle,  there  are  fix  things  to  be  confidered,  vlz^ 
three  fides  and  three  angles. 

All  the  angles  in  a  triangle,  are  together  ^qual  to  tjvo  right 
angles,  or  180°.  If,  therefore,  two  angles  of  a  triangle  arc 
given,  the  third  is  alfo  given,  for  it  is  found,  by  fuftra^Vin^ 
the  fum  of  the  other  two  from  1 80^. 

When  one  angle  of  a  triangle  is  given,  the  fum  of  the  other 
two  may  be  found,  by  fubtra^ling  the  given  angle "^rom 
180°. 

When  one  angle  of  a  triangle  is  a  right-angle,  the  other  (w« 
are  acute,  and  are  together  equal  to  one  right-angle,  and  con* 
fequently  are  complements  of  each  other. 


PitOPO- 
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PROPOSITION.,, 

JN  any  right  ahgled  plane  triangle^  if  the  hypothenufe  he 
■made  radius,  the  legs  become  the  fines  of  the  opprftte  angles  :  but  if 
eitljer  of  the  legs  be  made  radius,  the  other  leg  becomes  the  tangent 
of  the  oppofite  angle,  and  the  hypothenufe  becomes  the  fee  ant  of  the 
fame  angle.     Fig.  51.  plate  3. 

Let  ABC  be  a  right  angled  triangle,  if  the  hypothenufe  BC 
be  made  radius,  the  fide  AG  will  be  the  fine  of  the  oppofite 
angle  ABC  ;'and  if  either  fide,  BA  be  made  radius,  the  other 
leg  AG  will  be  the  tangent  of  the  oppofite  angle  ABC,  and 
the  hypothenufe  BG,  the  fecant  of  the  fame  angle. 

With  the  centre  B,  and  radii  BC,  BA,  defcribc  two  arches 
CD,  EA,  meeting  BC,  BA  in  E  and  D.  Since  CAB  is  a  right 
angle,  BC  being  radius,  AC  is  the  fine  of  the  angle  ABC,  by 
definition  3,  and  BA  being  radius,  AC  is  the  tangent,  and 
BC   the  fecant  of  the  angle  ABC,  by  def.  5,  6. 

Since  circles  are  to  one  another  as  their  radii,  fimilar  arches 
of  the  fame  circles  will  be  in  the  fame  proportion  ;  therefore, 
the  fines,  tangents,  and  fecants  of  fimilar  arches,  that  is,  of 
equal  angles,  are  as  their  radii ;  confequently,  the  tabular  radius 
is  to  the  tabular  fine,  tangent  or  fecant  of  either  of  the  acute 
angles  of  a  right  angled  triangle,  as  the  radius  of  the  given 
triangle,  is  to  the  fine,  tangent  or  fecant,  in  the  .fame  triangle. 

And,  becaufe  any  one  of  the  three  fides  may  be  called  the 
ladius,  any  of  the  fides  required,  may  be  obtained  by  three 
analogies  or  varieties* 

JV.  B.  All  the  varieties  which  can  occur  in  the  folution  of 
right  angled  triangles,  may  be  comprehended  under  two 
problems. 
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Flrjiy  When  all  the  angles  and  one  fide  are  given,  to  find  the 
other  two  fides. 

2d,  When  two  fides  and  the  right  angle  are  given,  to  find 
two  acute  angles  and  the  third  fide* 

We  come  now  more  fully  to  Ihew  how  each  of  thefe  pro- 
blems are  folved  by  logarithms. 


PROBLEM   I. 

Case  I.  The  angles  and  one  of  the  legs  given ,  to  find  the  hypothec 
niife  and  the  other  leg,     Plate  2-J^S'  43' 

£x.  I.  Injhe  triangle  ABC,  right-angled  at  B,  fuppofe  AB 
300  equal  parts,  as  feet,  yards,  miles,  &c.,  and  the  angle  at 
A  30°  40°'j  (and  confequently  the  angle  at  C  59°  20')  Required 
the  fides  BC,  AC. 

Variety  I.  mating  AB  rad.  BC  becomes  the  tangent,  ancf 
AC  the  fecant  of  angle  A.  Whence  arife  the  following  pro- 
portions :  , 

To  find  BC.  To  find  AC. 

rallus  90   °    -    -   10.00000 

is  to  AB  300     -      2.47712 

Sotang.ang.A3o°4o'  9.77303 


To  BC  177.9    -    -    2.25015 


As  rad.  90°     -     -     10.00000 

is  to  AB  30P      -     2.47712 

So  fee.  A  30"  40'  -   10.06543 


ToAC348.g    -    -    2.54255 


Variety  2.  making  BC  rad,  BA  becomes  the  tangent,  and 
AC  the  fecant  of  the  angle  at  C.  Hence  the  following  pro- 
portions: 


Variety 


^  TRIGONOMETRY. 

To  find  BC.  To  find  AC. 

Astang.ang.C  59^^20'  10.22697 
2.47712 

lO.OOOOO 


IS  to  AB  300 


So  rad.  90^ 
ToBC  177.9 


2.25015 


As  tan.  C  59°  20'  -  10.22597 

is  to  AB  300      -     2. 47712 

So  fee  C  59""  20'   -  10.29239 


To  AC  348.8 


12.76951 
2-54254 


Variety  3.  Making  AC  rad.  BC  becomes  the  fine  of  angle  A, 
and  AB  fine  angle  C.     Hence  the  following  proportions. 


To  find  BC. 

As  fine  C  59°  20'  -    9.93457 

is  to  AB,  300,    -     2.47712 
So- fine  A  3 o""  40'    -    9.70761 


To  BC  177.9    - 


T2. 18473 
2.25016 


To  find  AG. 

As  fine  C  59°   20'  -  9.93457 

is  to    AB  300   -   2.47712 
So  is  rad  90°     -     -   10.00000 


To  AC  348.8 


2-54255 


£x.  2.  In  tlie  right  angled  triangle  ABC,  right  angled  at  B, 
fuppofe  BC  4876  equal  parts,  angle  A  53°  3',  and  angle  C 
36°  57'.     Required  AB  5  AC     Fig  52.  p/ate  4. 

ConJin^Bion.  Draw  AB,  upon  B  ere£l:  the  perpendicular  BG 
4876,  and  at  G  draw  CA,  making  an  angle  of  36°  57'  with  BG  ; 
then  fhall  angle  A  be  53°  3',  AB  3668,  and  AC  6101    equal 

parts. 

Variety  I.  Making  AB  rad.  BC  beeomes  the  tangent,  and 
AC  the  fecant  of  angle  A.  Hence  arife  the  following  propor- 
tions. 


To  find  AB. 

As  tan.  ang.  A  C3°3'  10.12367 

to  BG   4876    -     3.68806 

So  rad.  90     -   -    -    10.00000 


To  AB  3668J 


3-5^439 


To  find  AG. 

As  tan.  A  53°  3'  -    10.12367 

to  BC  4876     -      3.68806 

So  fee.  A  53°  3'   -10.22104 


13.90910 
To  AC  6101     -     •    3-78^543 

,  Variety 
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Variety  2.  Making  BG  rad.  AB  becomes  the  tangent,  and 
•AC  the  fecant  of  angle  G.  Hence  arife  the  following  propor- 
tions. 


To  find  AB. 

As  rad.  90°  -  -  10.00000 
Is  to  BC  4876,  -  3.68806 
So  tan.  €36°  57'    -   9.87633 

To  AB   3668    -    -    3.56439 


To  find  AC. 

As  rad.  90°  -  -  10.00000 
Is  to  BG  4876,  -  3.68806 
So  fee.  G  36"  57'  -    10.09737 

To  AC  6101     -     -     3.78543 


Variety  3.  Making  AC  rad.  AB  becomes  the  fine  of  the 
angle  at  G,  and  BC  the  fine  of  the  angle  at  A.  Whence  arife 
the  following  proportions. 


To  find  AB. 

As  fine  A  53*^  3'  -  9.90263 
Is  to  BG  4876,  -  3.68806 
So  fine  G  36^  5/    -    9.77896 


to  AB  366  8 


13.46702 
-    3-5^439 


To  find  AC. 

As  fine  A  5j°  3'     -    9.90263 

is  to  BG  4876     -     3.68806 

So  is  rad.  90°    -    -    10.00000 


To  AC610.1 


378543 


Case  II* 

^he  angles  and  the  hypothenufe  being  given  to  Jin d  the  legs. 

In  the  triangle  ABC,  right  angled  at  B.  fuppofe  AC  568  e- 
qual  parts,  angle  A  39°  14',  and  angle  C  50°  46'.  Required 
AB,  BG.     Fig.  44.  plate  3. 

Variety  i.  Making  AB  radius,  BG  becomes  the  tangent, 
and  AC  the  fecant  of  A.    AV hence  the  following  proportions. 


To 


^ 


To  find  BG. 

As  fee.  A  39^  14'  -  10.11094 
Is  to  AG  568,  -  -  2.75435 
So  is  tan.  A  39°   14'  9.91 198 


TRIOONOMETRt. 

To  find  AB. 


To  BG  359.2 


12.66633 
M5539 


As  fee.  A  39°  14'  -  10.11095^ 
Is  to  AC  568  -  -  2.75435 
So  is  rad.  90     -     -    10.00060^ 


To  AB  440 


2.64341 


VnViety  2.  Making  BG  rad.  AB  becomes  the  tangent,  and 
AG  the  fecant  of  tlie  angle  C.  Whence  the  following  propor- 
tions. 

To  fin<l  BG.  To  find  AB. 


As  fee.  C  50°  46'  -  io.i9c^95 

is  to  AG  568    >r       2.75435 

So  is  rad.  90       -       10.00000 


To  PC   359.2 


2.55540 


As  fee.  G  50°  46'  -  10.19895 

is  to  AG  568     -     2.75435 

So  is  tan.  C  50°  46'  io.o88o2 


To  AB  440 


12.84237 
2.64342 


■f^ariety  3.  Making  AG  tad.  BO  becomes  the  fine  of  angle 
"A,  and  AB  the  fine  of  the  angle  kx.  C.  Whence  the  following 
proportions. 

To  find  BG. 


As  rad  90°     -     -      lo.coooo 

is  to  AC  568      -      2.75435 

So  is  fine  A  39°  14'     9.80105 


To  BG  359.2     -     -     2.55540 


To  find  AB. 

As  rad.  90°      -     -     lo-ooob 

is  to  AG  568      -     2.75435 

So  is  fine  G  50°  46     9.^8906 


ToAB  440     - 


2.64341 


PROBLEM  II. 

^ivoftdes  and  the  right  angle  given,  to  find  the  acute  angles,  and 
the  ihird fide.     Fig.  46.  plate  3. 

In  the  tfriangle  ABC,  right  angled  at  B,  fuppofe  the  hypothe- 

nufc  AG  150,  and  the  leg*  GB  6^,     Required   the    angles   A 

and  C  and  the  leg.  BA. 

Variety 


TRIGONOMETRY. 
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Variety  1.  Making  AC  rad.  then-BC  becomes  the  fine  of  the 
tngle  at  A.     Whence,  the  following  proportion. 

To  find  angle  C 


To  find:  angle  A. 

*  As  AC  150     -       :?.I7<509 

is  to  rad.  90°       10.00000 

S0BC69,     -       -       1.83885 

To  fine'A  27°  23'       9.66276 


Since  the  two  angles  of  a  right 
angled  triangle,  are  comple- 
ments of  each  other,  angle  C 
may  he  found,  (by  fubtra£ling 
angle  A=2'j°  23'  from  90°,)  to 
be  62°  37' 


Variety  2.  Making  BC  rad.  then  AG  becomes  the  fccant  of 
tiie  angle  at  C.     "Wlienge  the  following  proportion.. 


As  BG  69     -    - 
is  to  radius  90 
So  is  AG  150 


Te  find  apgle  C. 

1.83885 

10.00000 
2.17609 


To  find  angle  A,. 

If  from  90°  you  fubtra£l  62"* 
27',  the  remainder:  27®  23'  will 
give  angle  A. 


To  fecc  G.  62°  37'     10  33724 

^ow  there  are  other  three  varieties  to  fiind  AB% 
Variety  I.  making  AB  radius,  to  find  AB. 
To  find  AB..  To  find  AB,, 


As  fee.  A,  27°  23'     10.05 161 

is  to  AC  150    -      2.17609 

So  is  rad.  90     -     -    10.00000 


To  AB  133  2 


2.12.448 


*Astang.ang.A27°23.'  9.71431 

is  to  BC69     -     -   1.83885. 

So  is  rad.  90     -    -    10.00000 


To  A3  1 33  a 

F2:: 


2  12454. 

To 


*  When  ai>  angle  is  required,  the  length  of  a  line  is  made  the  iirft  and 
third  terms,  alfo  a  fide  that  is  neither  given  nor  required,  cannot:-  be  admitted. 
iiitp  the  proportion,  or  aiade  radios^ 
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To  find  AB.  ..  To  find  AB. 

Variety  2.  making  BC  rad.  to  find  AB. 


As  rad.  90 

to  BC  69 
So  tan.  G  62°  37' 


I  ©.00000 

1.83885 

10.28569 


To  AB  133.2 


2.12454 


As  fee.  C62''  37'   -  10.3373a 

to  AC  150     -     -     2.17609, 

So  tan.  C  62°  37'  -  10.28569 


To  AB  133.2    - 
Variety  3.  Making  AG  rad.  to  find  AB. 


12.46178 
2.1244a 


To  find  AB. 
As  rad.  90        -        10.00000 
to  AC  150       •        2.17609 
Sofineang.  C62°  37'  994839 

Tq  AB  133.2    -    -     2.1244^ 


To  find  AB. 

As  fine  A  27°  23'   -  9.66270; 

f;oBC69         -         1-83885^ 

So  Sine  G   62°  37'    9948391, 


To  AB  133.2 


11.78724. 

-     2.12454. 


OBLIQUE 


OBLIQUE  ANGLED  TRIGONOMETRY,, 


X  HE  folutlon  of  all  plane  triangles,  may  be  deduced  from 
the  three  following  theorems. 


Theoritm  I. 

^  any  plane  triangle ^  theftdes  are  in  the  fame  proportioUy   as   th^, 
fines  of  the  oppoftte  angles.     Fig.  53.  plate  4. 

Dem,  From  the  angles  A  and  B,  draw  BE  and  AD  perpen- 
dicular, to  the  oppofite  fides,  BC  and  AC  produced  if  necef- 
fary.  Becaufe  the  triangles  ADB,  AEB,  are  right  angled 
triangles,  the  fide  AD  becomes  the  fine  of  the  angle  ABD,  and 
BE  the  fine  of  the  angle  BAE ;  if  AB.  the  hypothenufe,  com- 
mon to  both  the  triangles,  be  made  the  radius  ;  but  the  two 
triangles  ADC,  BEC,  have  each  a  right  angle  at  D  and  E, 
likewife  the  common  angle  ACB,  therefore,  they  are  Cmilar, 
and  confequently,  BG  is  to  CA,  as  BE  is  to  AD ;  that  is,  the 
fides  are  in  the  fame  proportion  as  the  fines  of  the  oppofite 
angles. 

Theo- 
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Theorem  II. 

Jfi  any  plane  triangle,  thefum  of  any  tivojides  is  to  their  difference  .< 
as  the  tangent  of  half  the  fum  of  the  angles  at  the  hafe^  is  to  th^ 
tangent  of  half  their  difference.     Fig  54.  plate  4. 


Bern.  Let  ABC  be  a  plane  triangle,  AB-f BC :  AB— BG : : 
i^.   ang.  A-f-Ang.  C  :  tan.    ang.    C — ang.  A,  upon  A  as  cen- 

tre  with  AB  the  longeft  fide  for  a  radius,  defcribe  a  circlcj, 
IPfieeting  AC  produced  in  E  and  F  ;  produce  BC  to  D,  join  DA, 
FB,  EB,  and  draw  FG  parallel  to  BC,  meeting  EB  in  G. 

The  angle  EAB  is  equal  to  the  fum. of  the  angles  at  the  bafe, 
and  the  angle  EAB  at  the  centre  is  double  the  angle  EFB  at  the 
circumference,  therefore,  EFB  i$  half  the  fum  of  the  angles, 
at  the  bafe ;  but  the  angle  ACB,  is  equal  to  the  angles  CAD, 
and  ADC,  or  ABC  together,  therefore,  FAD  is  the  difference 
of  the  angles,  at  the  bafe,  and  FBD  h  half  that  difference,  but 
FBD  is  equal  to  the  alternate  angle  BFG ;  fince  the  angle  FBE. 
in  a  femi-circle,  is  a  right  angle,  FB.  being  radius,  BE,  BG. 
will  be  tangents  of  the  angles  5FS,  BFG  j  but  it  is  plain,  that- 
EC  is  the  fum  of  the  fides,  BA  and  AC,  alfo  that  CF  is  their, 
difference ;  and  fince  EG  and  BC  are  parallel,  EC  :  CF  as  EB  J: 
I5G,  that  is,  the  fum  of  the  fides  is  to  their  difference  :  as  thc; 
tangent  of  half  the  fum  of  the  angles  at  the  bafe,  is  tq  the  tan^ 
gent  pf  half  their  difference.  ^ 


THEP^, 
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Theorem  IIL 

in  €1  pane  trtangky  the  hafe  is  to  ihe  fum  of  the  fides ^  as  ii^ 
difference  of  the  fides  ^  is  to  the  difference  of  the  fegments  of  the 
'iafcf  made  by  the  perpendicular  upon  it  from  the  vertex.  Fig- 
55.  plate  4. 

Let  ABC  be  a  plane  triangle,  if  from  B  the  vertex  a  perpen- 
dicular BD  be  dropped  on  the  bafe,  AC :  AB+BG  : :  BC— AB: 
1)C — AD.  Upon  B  as  centre  with  BC,  the  greater  fide  for  % 
Tadius,  defcribe  a  <^rcle  Kieeting  BA  and  CA,  produced  in  F 
and  E.  It  is  manifeft,  that  AF  is  the  difference  of  the  fides, 
and  that  EA  is  the  difference  of  the  fegments  of  the  bafe^  for 
ED  and  DC  are  equai,  and  AG  is  the  fiim  of  AB  and  BC  ;  but, 
becaufe  FG  and  EG  cut  each  other  within  a  circle  in  the  poins: 
A,  the  rectangle  contained  by  the  fegments  of  the  one,  is  c- 
-qual  to  the  re£):3ngle  contained  by  the  fegments  of  the  other, 
that  is,  FAxAG=EAxAC,  and  by  Euclid  vi.  16.  AC- 
AG  : :  FA:i£A.  Wherefore,  in  any  plane  triangle,  the  bafe 
is  to,  fcc- 

^ote^  The  fum  and  difference  of  two  magnitudes  being  giver, 
to  find  each  of  them. 

Ruky  To  half  the  fum,  add  half  the  difference,  the  fum  will  be 
the  greater,  and  from  half  the  fum,  fubtrad:  half  the  difference^ 
the  remainder  will  be  the  lefs» 

In  plane  triangles  may  be  given, 

The  three  angles  and  one  fide.  "^ 

Two  fides  and  the  angle  oppofite  to  one  of  them.  I  to  find  th£ 
Two  fides  and  thel^igle  contained  between  them,  f  other  parts. 
The  three  fides.  J 

PRO- 
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PROBLEM  I. 

ithe  angles  and  one  ftde  given,  to  find  the  two  remaining  Jidet* 
Plate  Q,fg.  47. 

r  Ang.  C  5 2°  1 5I  Req.  AC  and  BG 

Mx.  I.  Given  ]  Ang.  A  59°    i  ^ 

tAB  276.5        3  1 80— 52°i5+59°=68°45'=aft.B. 

To  find  AC.  To  find  BC. 


As  fine  ang.  05.2°  15'   9.89801 

is  to  A  B  276.5  -    2.44170 

So  is  fine  an.  B68"  45'  9.96942 

12.41 1 12 
To  AC  325.9    -    -  2.5 13  u 


As  fine  ang.  C  52°  15'  9.89801 

is  to  AB  270.5     -   2.44170 

So  is  fine  ang.  A  59°  9  93307 


12.37477 
To  BG  299.^     -    -     2.47676 


EXAMPLiS  2.  plate  4.  fg,  56. 

rAB=26oo        IReq.ACBC. 

Given  <  Ang.  A  47°  30' >■        • - 

(,Ang.G4i°i5'3i8o-47°3o+4i°i5'=9i°i5'aBg.B. 

To  find  AG. 

As  fine  ang.  G  4 1''  15'  9.81911 

is  to  AB  2600  3.41497 

*  So  is  fine  ang.  B  91°  15'     9  99990 

■     13-41487 
To  AG  3942  3-5957^ 

To 


*  The  fine,  tangent,  fecant,  &c.  of  any  arcli,  is  the  fine, 
tangent,  fecant,  &c.  of  its  fupplement.  Hence  the  fine  of 
91°  15'  may  be  obtained  thus,  i8o°— 91°  I5'=88'  45'=thc 
fupplement  of  91°  15'. 


TRIGONOMETRY. 

to  find  BG. 

As  fineang.  C  41°  15'         9.81911 

is  to  AB  2600  3'4M97 

So  is  fine  ang.  A  47°  30'     9-86763 


To  BC  2907 


13.28260 
3-46349 


4J 


PROBLEM   11. 


^-nvoftdes  and  the  angle  oppoftte  to  one  of  them  being  given,  to  find 
the  other  angles  and  the  third  fide*     Fig.  48.  plate  3. 

CAB       16  1 

Ex.  Given  <  AC  -    39   42    >  Req.  ang.  A,  ang.  C  and  BC.  ' 
t^ang.  B  91°  15'  3 

180° — ang.  C+ang.  B.=:ang.  A  47°  30'. 

To  find  BC. 


To  find  angle  C. 

As  AC  39.42  -  1.59572 
is  to  fine  ang.  B  91°  15' 9.99990 
So  is  AB  26     -     -      1.41497 


1 1. 41487 
To  fine  C4i°  15'       9.81915 


As  fine  ang.  041°  I5'9.8i9ii 

is  to  AB  26     -    ..    1.4 1497 

Soisfineang.A47°3o'  9.86763 


To  BC  29.07 


11.28260 
1.46349 


PROBLEM  IIL 

Two  fides  and  the  angle  contained  being  given,  to  find  the  remaining 
angles,  and  the  third fitde.     Fig.  49.  phte  3* 


Ex.  Given 


CAC   -   60  7 

JBC    -    50  [ 

img.Q  45°  3 


Req.  ang.  A,  ang.  B.  and  AB. 

G  to 
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To  find  the  angles. 

AsAC-fBCiio      -       -    -    2-04139 

to  AC — BC    10    -    -    -    -     1. 00000 

Soistan.ang.B-fang.A.67°3o'  10.38278 


To  find  T  fum  ang.  A  &  ang.  B. 

180 

45 


To  tang.  ang.  B — ang.  A  12°  23^9.34139 


2)135  fum. 


67°  30  =4  fum. 


To  ^  fum    -     - 
Add  4:  diiFerence 

The  greater 


-  6r  3°' 

-  12°  23' 

■     79°  Si' 


From  4:  fum     -     - 
Subtrad:  4  difference 


67°  30' 
12°  23' 


The  lefs 


SS' 


To  find  AB. 


Now  the  greater 
angle  is  fubtended 
by  the  greater  fide  ; 
therefore,  angle  B 
oppofite  60,  will  be 

79°  53'>  ^n^.  a^g^Q 
A  55°  7'. 


As  fine  ang.  A  55°  7'    9.91398 

i&toBC5®     "     ■     1-69897 

So  fine  ang.  C  45°  -     9.84948 

11.54845 
To  AB43.1  1.63447. 

EXAMPLE  ir.  Fig.  ^6.  plate  ^. 

rAB        180-J 
Given  -5  BC        200  L  Required  angles  A,  C,  and  AC. 
Lang.  B    69° J 


To 


TRIGONOMETRY. 


43 


To  find  the  fum  of  ang.  A  &  C.     To  find  the  angles  A  and  G. 


1 80= 
69 


2)1  II  fum 


55^*  30'  half  fum  of 
ang.  A  and  C. 


AsCB-f.AB38o    -    -      2.57978 

is  to  CB — AB  20     -      1.30103 

Soistan.ang.A-fC55°3o'  10,16187 

11,46390 
Istotan.ang.  A-C4°  23'    8.88412 


To  find  AC  To  find  AC. 


To  4  the  fum 
Add  ^  the  dif. 

The  greater 

From  4-  the  fum 
Take  i  the  difF. 

The  lefs. 


55°  30'       As  fine  A  59°  53'       9  93702 

4°  23  is  to  BC  200  2.30103 

— \ So  is  fine  B  69''     -     9*970 1^ 


59    53 


12.27118 
55°  30'      To  AC  215,9    -    -   2.3341^ 

4°  23' 


51°  7' 


PROBLEM  IV. 

Th  three  ftdes  of  any   triangle   being  given,  to  find  the  angles* 
Fig.  57.  plate  4. 

CAB  lool 

£;v.  I.  Given -JbC     80 >•  Required  all  the  angles. 
CAC    603 


AB: 


0 


TRIGONOMETRY. 


AB:  AC-f  BC: :  BC— AC :  BD— AD 

loo  :  140  :  :  20  :  28 


In  all  cafes  of  this  kind,  the 
greater  fegment  is  adjacent 
to  the  greater  fide,  and  vice 
luerfa. 


To  -I-  the  bafe 
Add  4-  difference 

The  greater  feg. 

From  4^  the  bafe, 
T^ci^diff: 

The  leffer  feg. 


50 
14 


64 

SO 
14 

3^ 


To  find  angle  A. 

As  AD  36      -      -     i-55<^3o 

is  to  rad  90°     -     10.00000 

So  is  AC  60        -       1-77815 


Tofcc.ang.A53°8'  10.22185 


To  find  angle  B. 

ASBD64       -     -      1. 8061 8 

is  to  rad.  90     -     lo-oocoo 

So  is  BC  80     -      -     1.90309 


Tofec.ang*B36°  52'  10.09691 


Angle  C  may  be  found  thus :  From  180,  fubtract  the  fum  of 
angles  A  and  B,  the  remainder  will  give  angle  C.  Or  add  the 
complements  of  the  angles  A  and  B  together,  and  the  fum  is 
angle  C.  , 

ne  preceding  problem  is  frequently  ivrottght  according  to  the  foU 
lowing  Rule. 

Add  the  three  fides  together,  and,  from  half  the  fum,  fub- 
tra£lthe  fides  feverally;  then  add  the  complements  of  the  loga- 
rithms of  the  half  fum,  and  of  the  difference  between  the  half 
fum,  and  the  fide  oppofite  to  the  angle  fought,  to  the  loga- 
rithms of  the  differences  of  the  two  other  fides  and  half  fum  ; 
and  half  their  fum  will  be  the  tangent  of  half  the  angle  re- 
quired.   Tlius,  let  angle  A  be  required, 

80 
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80 

60 

[OO 


fum)  240 

"t  fum  1 20 

half  fum  120  Complement  *j.c}2o'^t 

vthe  dif.  bet.  80&  120  40  Complement  8.39794 

the  other  differences  ^  t          "      **  •77     5 

^20  Log.     -      -  1.39103 


2)19-39794 


Tangent  of  26°  34'  9-^9^9'J 

2 


53°    8'  The  angle  CAB. 

The  angles  BC  may  be  found  by   problem    ^.  of  oblique 
angled  trigonometry. 

We  come  now  to  the  application  of  trigonometry,    to   the 
mtnfuration  of  heights  and  diftances. 


MENSXJ. 


MENSURATION    OF  HEIGHTS  AND 
DISTANCES. 


X  HE  inilruments  coi-nmonly  made  ufe  of  in  meafuring 
heights  and  diftances,  are  the  Geometrical  Quadrant,  the 
Theodolite  and  the  Geometrical  fquare. 

The  Geometrical  quadrant  is  ufed  for  inveftigating  vertical 
angles  j  whether  they  be  angles  of  *  altitude,  or  angles  of  de- 
prefiioQ. 

The  Theodolite  ferves  for  meafuring  angles  on  a  horizontal 
plane,  or  on  an  inclined  plane. 

A  vertical  plane,  is  that  which  is  at  right  angles  with  the 
horizon.  A  h'oiizontal  plane,  is  that  which  is  parallel  to  the 
iiorlzon. 

The  Geometrical  quadrant,  is  the  fourth  part  of  a  circle,  and 
is  divided  into  90°,  to  which  two  fights  are  adapted,  and  a 
plumb  line  fulpended  from  the  centre  ;  it  is  commonly  made 
of  brafs  or  wood.     Fig.  l .  plate  4. 

The 

*  N.  B.  When  the  ohje6l  is  higher  than  the  meafurcr's  eye,  it  is  faid  to  fub- 
tfiJiiian  angle  oi  ekvatiou,  but  when  lower,  an  angle  of  deprcfliou. 
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The  Theodolite  is  a  femi-eircle  divided  into  1 80'',  with  an 
index  which  turns  about  on  its  centre,  and  retains  any  fitua- 
tion  given  it,  on  which  are  two  fights,  called  the  moveable 
fights ;  there  are  alfo  two  other  fights  fixed  on  the  diameter  o£ 
the  theodolite,  which  are  called  the  fixed  fights.  Fig.  i. plate  a,. 

Sights  are  fmall  pieces  of  wood  or  brafs,  having  fmall  holes 
or  flits  in  them,  to  view  the  objedl:  through  ; — They  are  fixed 
perpendicular  to  the  plane  of  the  theodolite,  but  parallel  to 
the  plane  of  the  quadrant. 

The  geometrical  fquare  may  be  made  of  brafs,  wood,  or 
any  folid  body,  having  equal  fides  and  angles  \  from  One  of  the 
angles,  a  thread  is  fufpended,  with  a  fmall  weight  at  the  end, 
fo  as  to  point  alwayjj  to  the  centre.  The  tw^o  fides  oppofite  to 
the  centre  of  fufpenfion,  are  divided  each  of  them  into  100  e- 
qual  parts  •,  there  is  alfo  an  index,  which,  (when  occafion 
ferves),  may  be  fixed  to  the  centre  of  fufpenfion,  and  is  made 
io  as  to  turn  round,  and  retain  any  fituation  \  on  this  index,  are 
4wo  fights.     See  Jig.  '^.  plate  j^. 

Heights  and  diftances  are  of  two  kinds,  viz.  acceffible  and 
inaccefiible  :  acccflible  ohje£ls  are  houfes,  growing  trees,  2:C. 
inaccefifible  *  ones  are  all  mountains,  celeftial  bodies,  alfo 
hoiifes  and  trees,  in  certain  fituations. 


PROBLEM    I.     See  Plate  4.  fg.  58, 

^Q  meafurc  acrejfible  heights. 

EXAMPLE  r. 

Let  AB  be  a  Iptlzontal  plane  and  BC  a  tower,  whofe  height! 
is  required  :  From  B,  the  foot  of  the  tower,  meafure  any  con- 
venient diftance,  80  feet  upon  the  horizontal  plane  AB.  Suppofe 
the  tower  to  fubtend  an  angle  of  39""  49'  from  A.  What  is  its 
height  ? 

As 


43 
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As 

cofuie 

ang. 

elcv. 

39° 

49' 

9.88542 

l3t 

:o  rad. 

90' 

• 

- 

-      >'9°:!°9 

So 

is  fine 

ang. 

elev. 

39° 

49' 

9.80641 

11.70950 
To  the  height  of  the  tower  66.69  =  1*82408 


EXAMPLE  II. 

A  tower,  furrounded  by  a  ditch  40  feet  broad :  from 
the  other  fide  of  the  ditch,  the  tower  fubtends  an  angle 
of  53°  13'^  Required  the  height  of  the  tower,  alfo  the  length 
of  a  laddet  fufficient  to  fcale  the  tower.     See  Jig.  :S.  plate  4. 

To  find  the  height  of  the  tower.     To  find  the  length  of  the  ladder. 
As  radius     -       -      90. 1 0000 

is  to  the  breadth  of 

the  ditch  40     -        1.60206 
So  is  tan.  eh  5  3°  ^  3'  ^  o.  1 263 1 


Totheheightof  the 

tower  53.5  =1.72837 


As  radius  90°  -  -  10.0000 
is  to  the  br.  of  ditch  40  1.60206 
So  is  fee  elev. 5 3 "^  13' 10.22256 


To  ladder  66.78      =  1.82462 


EXAMPLE  IIL  Plate  ^.fg.  59. 

From  the  top  of  a  (hip-maft  100  feet  above  the  level  of  the 
water,  I  took  an  angle  of  depreflion  of  another  fhip's  hull. 
'J4''  1 5' ;  required  the  diUance  of  the  other  fliip. 

As  radius  90°     -     ro.oooco 

Is  to  the  height  of  the  mail  100     -      2.00000 
So  is  tang.  deprelTioa  74°  15'     -     -    10.54971 


To  the  dift.  354.6 


2-54971 


PRO- 
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PROBLEM  IT. 

ffo  meafure  inaccejftble  heights  and  diflances* 

EXAMPLE  L     Plate  4./^.  60. 

At  the  foot  of  A  hill,  I  took  an  angle  of  elevation  of  its  top, 
and  found  it  to  be  50°  4^'.  I  then  meafured  back  120  yards 
on  the  horizontal  plane,  and  obferved  the  angle  to  be  40°  12'» 
Required  the  perpendicular  height  of  the  hill. 

^.  B.  When  any  fide  AB  of  the  triangle  ADB  is  produced, 
the  exterior  angle  DBC  is  equal  to  both  the  interior  and  op- 
pofite  angles  DAB,  ADB  ;  therefore  the  angle  ADB  -will 
be  10°  30'- 


To  find  BD. 

Asfme  ADB=io°3o'  9.26063 

is  to  AB  120      -     2.07918 

So  is  finean.  A40°i2'  9.80987 


To  BD  425 


11.8B905 
-     2.62842 


To  find  DC  the  height. 

As  rad.  90         -        i  0.00600 

is  to  BD  425      -      2.62839 

So  is  fine  DBC  50^42' 9.88865 

To  the  height  328.9     2*5 1704 


EXAMPLE  II.     Plate  a,. fig.  67. 

I  obferved  an  obje6l  on  tlie  other  fide  of  a  river,  on  a  level 
with  the  place  where  I  ftood  ;  behind  me  was  a  regular  decli- 
vity, which  1  might  reckon  a  ftraight  line.  I  marked  my  fla- 
tion  by  the  fide  of  the  river,  and  meafured  back  1 70  yards, 
when  I  obferved  I  was  higher  than  the  objeft.  I  took  the 
angle  of  deprefrioa  of  the  mark  by  the  river  fide  42°  1.8',  of  the 

H  bottom 


5^ 
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bottom  of  the  object  72"  8',  and  of  its  top  78°  20'.     Requir-^ 
ed  the  height  and  dillai-rce  of  the  objeft. 

Here,  becaufe  the  angle  ABC  is  42°  18'  the  angle  BAG  is47°  42  > 
confequentl.y,  its  fupplemcnt,  the  angle  BAD  will  be  1 32°  18. 
And  fince  all  the  angles  of  a  triangle  are  equal  to  two  rigiit 
angles,  and  that  the  angle  DBA  is  29°  50',  the  remaining 
angle  BDA  will  be  17^52'  Again,  the  angle  CDE  is  a 
right  angle,  of  which  the  angle  BDC  is  a  part  j  therefore, 
the  angle  BDE  is  72°  8',  and  the  angle  at  E  101°  40'  ;  alfo 
the  angle  DBE  will  be  C  12'. 


To  find  the  dift.  of  the  object. 

As  fine  ADB  if  52'  9.48686 

is  to  AB  170     -     2.23045 

So  is  fine  ABD  29"  50'  9.6967  7 


To  the  did.  275.7 


11.92722 
2-4403<^ 


To  find  BD.     ' 
As  fine  BDA  17^52'  948686 
is  to  AB  J  70      -      2.23045 
fois  rnieBAD=  1 3  2°  1 8'  9. 86902 


To  BD  409.8 


12.09947 
2.61261 


Tojind  the  height  of  the  objeB, 

As  fine  ang.  E  101°  40'     -     9.99093 

is  to  BD  409.8         -  2.61257 

So  fine  DBE  6°  12'    -     -     9.03342 


To  the  height  45,19 


11.64599 
1.65506 


EXAMPLE  III.  Plate  s.fg'  r. 

Being  on  a  horizontal  plane,  I  took  the  angle  of  elevation  of 
the  fummit  of  a  hill,  and  of  the  top  of  a  tower  built  upon  it, 
and  found  them  to  be  48"  20'  and  61°  25'.  I  then  mcafured 
back  150  yards,  and  found  the  angle  fubtended  by  the  height 
of  the  tower  above  the  plane  to  be  38°  19'.  Required  the 
freight  of  the  tower. 

The 
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Tke  exterior  angle  CBD,  is  equal  to  both  the  interior  and 
oppofite  angles,  CAB,  ACB  ;  but  CAB  is  38''  19' ;  therefore^, 
AGB  will  be  23°  6' :  and  fince  all  the  angles  of  a  triangle  are 
equal  to  two  right  angles,  angle  ABC  will  be  1 18°  35'.  Or  it  is 
the  fuppleixsent  of  the  angle  CBD  i  alfo  angle  BCD  is  28°  35^ 
andCEB  willbe  138^^  20'. 


To  find  BC. 
As  fine  an.  ACB  23^6' 9.59366 
is  to  AB    -   150    2.17609 
Soisfmean.  A38°i9'  9.79240 


To  BC  237 


11.96849 
2.37483 


To  find  the  tower*s  height. 
As  fine  GEB  138^  20'  9.82269 
is  to  BG  237      -      2.37475 
SoisfmeCBEi3°5'9.3548i 


1,1.72956 
To  the  height  of  the 

tower  80.7       -       1.90687 


EXAMPLE  IV.   Plate  s^Jlg.z 


From  a  windqw  on  a  level  with  the  bottom  of  a  fteeplic,  T 
took  the  angle  of  elvation  of  the  top  of  the  ftecple  50"^  j  from 
another  window,  20  feet  perpendicular  above  the  former,  I 
took  another  angle  of  the  top  of  the  ileeple  45°  15'  Required 
the  height  and  diftance  of  the  fteeple. 

Becaufe  the  angle  ACD  is  a  right  angle,  of  which  the  angle 
SCD=5o°  is  a  part,  the  angle  SCA  will  be  40°,  confeqaently, 
the  alternate  angle  CSD  will  alfo  be  40°.  And  fince  the  angle 
SAB  is  45°  15',  and  the  angle  BAD  a  right  angle  :  therefore, 
the  whole  angle  SAC  135°  15',  arid  the  angle  ASC  4°  45'. 


To  find  CS. 
As -fine  ASC  4^45'    8,91807 
is  to  AC  20  1.30103 

Soi3fineSACi35°i5'9.84758 


ToCS 


70 


r. 14861 
2.23054 


To'findthe  height  of  the  fteeple. 
Asfec".  arig.SCD5o°  io.i9r93 


is  to  8C  170 
So  is  tan.  SCD  50 


To  the  height  SD 
130.2  feet. 

H3 


10.07619 

12.30664 

2.11^71 

To 


^52 
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To  find  the  diflance  of  xht  fteepled 

As  co-fecant  SCD  50°       10.11575 

is  to  SC  170  -         2.23045 

So  is  co-tan.  SCD  50°         9.92381 


To  the  dift.  of" 
the  fteeple.  _ 


109.3 


12.15426 
2.03851 


EXAMPLE  V.  Plate  X,,  fig.  3. 
From  the  top  of  a  tree  70  feet  high,  I  took  the  angle  of  de- 
preffion  of  twojpther  trees,  lying  diredlly  in  a  ftraight  line  from 
me,  and  on  the  fame  horizontal  plane  with  the  tree  on  which 
I  then  flood,  viz.  that  of  the  nearer  36^,  and  of  the  other, 
55°  30'.  Required  their  diftance  from  the  tree  from  which  the 
obfervation  was  taken,  and  from  one  another. 

To  find  the  dift.  of  the  nearer.       To  find  the  dill  of  the  other. 


As  radius  90       -       10.00000 

to  height  of  tree  70    i .845 1  o 

So  istan.  dep.  36°       9.86126 

To  the  dift.  50.86       1.70636 


As^]i;^d.  90         -         1 0.00000 

is  toheightof  trfe7o  1.845 10 

Soistan.2'depr.55°3o'io.  16287 


To  the  dift.   10 1.9       2.00797 


The  diftance  of  the  fartheft 
The  diftance  of  the  nearer 


1 01. 9  feet. 
50.86  feet. 


5 1 .04  feet. 


Their  diftances  from  one  another 

EXAMPLE  VL  Plate  s-fig-  4- 
W?.nting  to  know  the  diftance  between  a  houfe  and  a  tree, 
the  tree  being  on  the  other  fide  of  a  river ;  I  took  my  firft  fta- 
tion  at  the  houfe,  and  marked  my  fecond  at  B ;  the  angle  fub- 
tcnded  by  the  diftance  between  my  fecond  ftation,  and  the  tree 
is  60°.  I  then  meafured  the  diftance  between  my  firft  arid  fe- 
cond ftation  s,  380  yards,  and  found  the  angle  fubtended  by 
the  houfe  and  tree  to  be  43°.     Required  the  diftance  between 

the  houfe  and  the  trecw 

As 
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As  fine  aiigle  D  77' 

is  to  AB  380 
To  fine  ang.  B  43° 


9.98872 
2.57978 

9-83378 

12.41356 
2.42484 


To  the  diftance  266 
EXAMPLE  VII.  PMteS'M-S- 
i  wifhed  to  know  the  diftance  between  a  kirk  and  a  mill^ 
which  were  upon  the  other  fide  of  ^  river,  I  choofe  two  fta- 
tions,  A  and  B,  diftant  400  links,  and  found  the  angles  MAK 
40°,  KAB  64°  25',  and  ABM  56°  15',  MBK  50°  8'.  Re- 
quired the  diftance  between  K  the  Kirk,  and  M  the  Mill. 


40°  00  MAK 
64°  25  KAB 


iOA    25  ang 

50°    8  MBK 
56    15  ABM 


:'5-lrAB. 


In  the  triangle  AKB  to  find  AK. 
As  fine  ang.  AKB  9°  12'  9.20380 

is  to  AB  406         -         -         2..60205 
So  is  fine  ang.  ABK  106°  23'     9.98209 


12.58406 
3. .3  80  26 


106   23  ang.  ABK. 

104°  25'  MAB 
$6   15  ABM 

—  -       — " 

160  40 
180   00 


TioAK24Go 

In  the  triangle  AMK  to  find  AM, 


19   20  ang.  AMB 

106"  23'  ABK 
64   25  KAB 

170  48 
180  00  • 

9    1 2  ang.  AKB. 


As  fine  ang.  AMB  19°  20'    - 

is  to  AB  400 
So  is  fir>c  ang.  MBA  56°  15' 


To  AM  1005 


9.5 199 1 

2.60206 
9.91985 


12.52I9t 

3.C02C©' 


In 


to  f  film 
add  t  dif. 

70° 
48° 

06 
23' 

the  greater 
the  lels 

118 
21 

23 
37 
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In  the  triangle  AKM,  to  find  the  angles  AMK,  MKA. 
As  AK-f  AM  3405  3-53212 

is  to  AK — AM  1395  3'i4457 

So  is  tan.  AMK-fMKA  70^       i©  43893 

2  13-58350 

To  tan.  AMK— MKA  48°  23' 10.    05^38 


To  find  the  diftance  between  M  and  K* 

As  fine  angle  MKA  21°  37'         9^6631 

istoMAioo5  -  -^.00217 

So  is  fine  angle  MAK  40°  9.80807 

12-81024 
To  the  dill,  of  the  objs6l:s  1)54   3-24393 

NcU^  The  foregoing  example  may  be  performed,  ll^mng  MB 
and  BK  as  the  containing  fides. 

EXAMPLE  VIII.  Plate  ^'M  ^' 

If  the  Peak  of  TenerifFbe  four  miles  above  the  level  of  the 
fea#  and  the  angle  'f^f  dcprefiion  taken  from  the  fartheft  vifible 
point,  be  87°  25' 55".  Required  the  diameter  of  the  earth, 
alfo  the  fartheft  vifible  point  that  can  be  feen  from  the  Peak. 

If  the  jTquare  of  the  vifual  ray,  being  a  tangent  to  the*earth, 
be  divided  by  the  height  of  the  fpe£tator's  eye,  above  the  level 
of  the  feal,  the  quotient  will  give  the  earth's  diameter,  and  the 
height  of  the  fpe6lator's  eye  above  the  level  more. 

DcviotK  Bjcaufe  the  ftraight  line  AC  is  equally  divided  at  E, 
£vf!d  produced  to  the  point  D,  the  re61:angle  AD,  DC,  together 
with  the  iquare  of  EC,  is  equal  to  the  fquare  of  ED,  but  the 
fquare  of  ED  is  equal  to  the  fquares  EB,  BD,  becaufe  DBE  is 
?.   right   angle;  therefore,  the   redlangle  Af),  DQ^  together 

with 
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With  the  fquare  of  EC=EBj  is  equal  to  the  fquares  EB,  BD  ; 
take  away  the  common  fquare  EB,  and  the  remaining  rect- 
angle AD,  DC,  is  equal  to  the  fquare  of  BD  tlie  vifual  ray.  And 
becaufe  the  redangle  AD,  DC,  is  equal  to  the  fquare  of  BD, 
(Euclid.  17th.  6.)  DC  :  DB  :  :  DB  :  AD.:  Therefore, 
DB^=AD  and  AD— DC=.CA  the  diameter.  ' 

DcT 


To  find  ED. 

Asrad.  90°         -       lo.oocoo 

is  to  DC  4      -         0.60206 

So  fee.  87^  25' 55"  11.34866 


To  FD  89.27 


1.95072 


To  find  CF. 

As  rad.  90°         -        icoooo* 

is  to  DC  4         -      o.6o2q6 

So  is  tan.  87"  25'  ^^''  1 1.34822 


To  CF  89.18 


1.95028 


Here  ^^^ff&  ^^  obfen^ed,  that  if  from  any  point  without  4 
circle,  two  ftraight  lines  be  drawn  to  touch  the  circle,  they 
are  equal  to  one  another,  (Eucl-  37.  3.);  therefore,  FC  is  equal 
to  FB,  but  BF  and  FD  make  up  BD  the  vifual  ray  5  confequently, 
it  will   be    89. 1 8-1-89.27=1 7 8.45  =BD,    and    178.45*  =7961 


=AD,  and  79(41 — 4=7957>  the  earth's  diameter  nearly. 


To  find  BE  rhe  femidia meter. 


As  rad.  90° 

is  to  BD  1 78. 4 
So  is  tang-  87'^'  25'  55" 


lO.OCOOO 

2.25139 

-       IT. ^4822 


To  BE  the  femidiameter,  3978  3  59961 

2 


The  di.uaetor  of  the  earth 


795-^ 


Several 


5d  MENSURATION  OF 

Several  methods  have  been  invented  to  find  the  eartVs 
diameter*  Mr  Picart  of  the  Academy  of  fciences  at  Paris,  has 
propofed  an  exa6l  method,  by  which,  not  only  the  equatorial 
and  polar  diameters  may  be  known,  but  alfo  the  figure  of  the 
earth  determined. 

According  to  Mr  Picart,  *  a  degree  of  the  meridian  at  the 
« latitude  of  49°  21',  was  57.06  French  toifes,  each  of  which  con- 

*  tains  6  feet  of  the  fame  meafure ;  from  which  it  follows,  that 

<  if  the  earth  be  an  exa6l  fphere,  the   circumference  of  a  great 

*  circle  of  it,  will  be    123.249,600   Paris   feet,  and   the   femi- 

<  diameter  of  the  earth,  19.615,800  feet:  but  the  French  ma- 

*  thematicians,  who,  of  late,  examined  Mr  Piearts  obfervations, 

*  afiure  us,  that  a  degree  in  that  latitude,   is    57-183    toifes. 

*  They  meafured  a  degree  in  Lapland,  in  the  latitude  of  66°  2o'> 

*  and  found  it  to  be  57'438  toifips.    By  comparing  thefe  degrees, 

*  as  well  as  by  the  obfervations  on  pendulums,<|itfi<j-  the  theory 

*  of  gravity,  it  appears,  that  the  earth  is  an   oblate   fpheriod  ; 

*  and  the  axis  or  diameter  that  pafies  through  the  poles,  will  be 

*  to  the  diameter  of  the  equator,  as  177  is  to  1 78,.  or  the   earth 
^  will  be  22  miles  higher  at  the  equator,  than  at  the  poles.     A 

*  degree  has  like  wife  been  meafured  at  the  equator,  and  found 

*  to  be  confiderably  lefs  than  in   the  latitude  of  Paris,   which 

*  confirms  the  oblate  figure  of  the   earth.     Hgnce   it  appears, 

<  that  if  the  earth  were  of  an  uniform  denfity  from  the  furface 

*  to  the  centre,  then  according  to  the  theory  of  gravity,  the  me- 

*  ridian  would  be  elliptical,  and  the    equatorial  would   exceed 

*  the  polar  diam.eter,  by  about  44  miles.' 

PROBLEM  in.  Plate  5.  fg.  9, 

2a  Jind  the  height  of  an  objeEl^  hf  means  ofonejlaff. 

Suppofe  the  pole  AB  of  an  unkown  height,  BC  a  horizon- 
tal plane,  and  ED  a  ftafF  of  a  known  length.     Ati^any  conve- 
nient 
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venlent  dlftance  from  the  pole,  fix  your  ftafF  perpendicular  in 
the  ground,  then  move  backwards  or  forwards,  till  you  find  the 
point  C,  whence  you  may  view  the  top  of  your  ftafF,  E,  in  a 
Ime  with  A  the  top  of  the  obje6t,  then  fay,  as  CD  :DE : :  CB : 
BA  the  height  of  the  object-     Fig.  67.  plate  5. 

EXAMPLE. 

Let  BC  be  80  feetj  CD  5,  and  DE  4,  required  AB^ 

'  5   :  4  :  :  80 

4 


5)320 
65=AB. 

PROBLEM  IV. 

^0  meafure  the  height  of  an  obje&  from  the  length  of  its  Jhadow, 

Place  any  ftafF  of  a  known  length  in  the  fame  plane  with 
the  objeft  -,  then  fay,  as  the  length  of  the  ftafF's  fhadow,  is  to 
the  length  of  the  ftafF  j  fo  is  the  length  of  the  obje(^'s  fhadow: 
td  its  height. 

EXAMPLE- 

Wanting  to  know  the  height  of  a  fteeple,  whofe  fhadow  I 
found  to  be  200  feet,  I  fixed  my  ftafF  perpendicular  to  the  ho- 
rizontal plane,  the  length  of  the  ftafF,  is  4^-  feet,  and  of  the 
ihadow,  6  feet,  required  the  height  of  the   fteeple. 


6' 


i 


5B  MENSURATION  OF 


^  :  44-  :  :  200 

4V 

800 

6)900 
^/y;  150  feet  high. 

PROBLEM  V. 

To  nunfure  the  height  of  an  ohjeB^  by  a  plane  mirror y  or  by  a  bucket 
full  of  water*     See  fig.  69 

Place  the  oiirror  dt  bucket  between  you  and  the  obje£l.  So 
that  the  top  of  the  obje£l  may  appear  in  the  middle  of  the  ho- 
rizontal furface,  then  fay,  As  the  diftance  between  the  object, 
fhadow,  and  your  feet,  is  to  the  height  of  the  eye  ;  fo  is  the 
diftance  between  the  object's  fhadow,  and  the  objeft  ;  to  the 
height  of  the  obje£l;. 


PROBLEM  VL 

Dijlances  may  alfo  be  meafured  by  loud  founds^  fuch  aSy  the  firing 
of  a  cannon^  the  tolling  of  a  belly  thunder y  &c. 

It  has  been  found,  by  many  exa£l  experiments,  that  the  uni- 
form velocity  of  found,  is  1 142  feet,  ^^r  fecond  of  time.  If, 
therefore,  the  feconds  elapfed,  be  multiplied  by  1142,  the  pro- 
dud  will  be  the  anfwer  in  feet. 


EXxVM- 
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EXAMPLE  L 

After  ieeinga  QaSh  of  ligbtning^  it  was  8  feconds  before  I 
hiXfd  the  ^iuader»  xeqaired  ^3&  diibnce. 

8 

5280 

3)585^ 
128^5-^  j^nf  I  mile  1285^  yards^ 

EXAMPLE  11. 

After  (Menmg  the  firing  of  a  cannon,  24  feconds  clapfcd, 
before  I  heard  the  report^  required  the  di^anee.  Afif.  5  miles 
336yaids. 

EXAMPLE  III. 

After  bbferving  a  man  ftriking  a  bell  with  a  hammer,  5  fe- 
conds ciapfed  bcfoie  i  heard  the  found.  "What  wa»  the  dif- 
tance  ?     An/,  i  mile  430  feet. 

PROBLEM  VII. 

To  find  the  veJanty  of  the  ivind^ 

Obfenre  thefliadowof  a  £\ou6.  at  an^  particular  place,  then 
count  the  number  of  feconds  elapfed,  before  it  reach  any  other 
particular  place ;  then  fay.  As  the  number  of  feconds  elapfeA 

I2 


6q  mensuration  of 

is  to  one  hour.     So  is  the  diftance  of  the  two  places,  to  the: 
diftance  the  wind,  will  pafs  over  in  orie  hour. 

'Nct^y  By  a  fimilar  experin^ent,  the  velocity  of  running  waters 
may  be  computed. 

PROBLEM  VIII. 

Jleights  or  depths  may  he  ejlimated  from  the  velocities  acquired  by  fal- 
ling bodies,  and  the /paces  fallen  through  in  given  times,  or  from 
the  time  of  fallings 

In  fucceflive  equal  parts  of  time,  fuch  as  i,  2,  3,  4,  &C.31 
the  fpacespafled  over,  are  in  the  feries  of  the  odd  numbers,  i, 
3,  5,  7,  9,  1 1,  &c,,  and  the  acquired  velocities,  as  i,  2,  3,  4, 
&c.  Hence,  it  is  plain,  that  the  velocities  are  as  the  times, 
and  the  fpaces  pafTed  over,  are.  as  the  fquare  of  the  times  of 
fdling.  Thus,  in  a  quarter  of  a  fecond,  from  the  inftant  of 
beginning  to  fall,  a  body  will  fall  i  foot ;  in  half  a  fecond,  it 
will  have  fallen  4  feet,  in  three  quarters,  9  feet,  and  in  one  fe- 
cond, 16  feet.  In  the  next  fecond,  it  will  fall  through 
16X3=48,  which  added  to  the  velocity  at  the  end  of  the  for- 
mer fecond,  will  give  64,  the  whole  fpace  fallen  through  in 
two  feconds.  In  the  third  fecond,  the  body  will  fall  through 
^  X  16=80,  which  being  added  to  the  lad  fum,  64,  will  give  144, 
the  fpace  pafTed  o\Fer  in  3  feconds,  and  fo  on  continually^ 

For  the  continued  addition  of  the  o^ld  numbers,  gives  the 
fquares  of  all  numbers  from  unity  and  upwards. 

Thus,  In  I  fecond,  a  body  will  fall  16  feet,  ^hich  is  i  *  X  i6- 
In  2  feconds,  1+3=4=2  ^  X  16=64. 
^n  3  feconds, I  +3+5=9=3  *  &  9X  16=144  ^"d  ^^  on. 

EXAiv? 
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The  velocity  acquired  at  the  end  of  any  given  time  may  be 
found  thus.  Suppofe  a  body  begins  to  move  with  a  celerity 
conflantly  encreafmg  in  fuch  a  manner  as  would  carry  it  through 
1 6  feet  in  one  fecond,  at  the  end  of  this  fpace  it  will  have  ac- 
quired fuch  a  degree  of  velocity  as  would  carry  it  32  feet  in 
the  next  fecond,  though  it  fliould  then  receive  no  new  impulfc 
from  the  caufe  by  which  its  motion  had  been  accelerated.  But 
as  the  fame  accelerating  caufe  continues  conflantly  to  a£l:,  it 
will  move  16  feet  farther  the  next  fecond,  ccnfequently  it  will 
have  run  64  feet,  and  acquire  fuch  velocity  as  would,  in  the 
fame  time,  carry  it  over  double  the  fpace.     And  fo  on. 

EXAMPLE  I. 
How  far  will  a  body  fall  in  6  feconds  ? 
6^=36 
36  X  16=576  feet. 

EXAMPLE  II. 

In  what  time  will  a  body  defcend  through  1 1 664  feet  ? 
16)  r  1.664(729(27  feconds. 


46  47)329 
32         329 

144 

144 


EXAMPLE  HI. 

Required  the  laft  acquired  velocity,  when  a  body  has  fallen 
S  feconds  of  time. 

32  the  additional  velocity /^r  fecond. 
8  the  time. 

256  the  laft  acquired  velocity  is  256  hctper  fecond. 

EXAMPLE 


MENSURATION  OF 


EXAMPLE  IV. 

If  a  body  move  at  the  rate  of  1376  feet/^r  fecond,  How  far 
muil  it  fall  to  acquire  that  velocity  ? 

32)1376(43  feconds,  time  of  falling. 
128 

96  and  43^  X  16=29584  feet. 

96 


In  the  following  Table,  the  column  titled  T  denotes  the  fe^ 
conds  of  time  from  i"  to  60"  ;  S  the  fpaces*  pafled  over  in  any 
fecond  of  time.  The  third  column  gives  the  heights  from 
which  a  body  would  fall  at  the  end  of  any  given  time,  from 
1"  to  60"  ;  and  column  4th  denotes  the  laft  acquired  velocity 
at  the  end  of  any  given  time.  Thus,  at  the  end  of  22  feconds, 
the  body  has  fallen  from  the  height  of  7744  feet,  and  moves 
with  a  velocity  of  704  Uttper  fecond. 


TABLE 
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TABLE  OF  FALLING  BODIES. 


■^ 

t~i 

» 

s> 

T. 

S. 

Height. 

T. 

s. 

Height. 

I 

I 

Feet  1 6 

32 

3^ 

61 

'531^ 

992 

2 

3 

64 

64 

32 

63 

16384 

IC24 

3 

5 

144 

9^ 

33 

^5 

17424 

iO£;6 

4 

7 

256 

128 

34 

67 

18496 

Jo83 

5 

9 

400 

160 

35 

6-9 

19600 

II 20 

6 

1 1 

576 

192 

3^ 

7^ 

20736 

J 152 

7 

13 

784 

224 

37 

73 

21904 

1184 

8 

1024 

256 

38 

75 

23  J  04 

1216 

9 

»7 

1296 

288 

39 

77 

^433^ 

1248 

10 

19 

1600 

320 

40 

79 

25600 

1280 

1 1 

21 

1936 

352 

41 

81 

26806 

1312 

12 

23 

2304 

384 

42 

83 

28224 

J  344 

»3 

25 

2704 

406 

43 

85 

29584 

^376 

14 

27 

3136 

448 

44 

87 

30976 

1408 

15 

29 

3600 

480 

45 

89 

32400 

1440 

16 

31 

4096 

512 

46 

91 

33856 

14721 

17 

33 

4624 

544 

47 

93 

35344 

15041 

18 

35 

5184 

576 

48 

95 

36864 

»536i 

'9 

37 

577^ 

6o3 

49 

97 

38416 

15681 

20 

39 

6400 

640 

50 

99 

40000 

1600! 

21 

41 

7056 

672 

5^ 

[OI 

4i6[6 

1632 

22 

43 

7744 

704 

52 

103 

43264 

1664 

23 

45 

8464 

736 

53 

105 

44944 

1696 

24 

47 

9216 

768 

54 

107 

46656 

1728 

25 

49 

1 0000 

800 

55 

109 

48400 

1760 

26 

5» 

10816 

832 

56 

[II 

50176 

[792 

27 

53 

1 1664 

864 

57 

^13 

51984 

1824 

28 

55 

12544 

i^6 

58 

115 

53824 

1856 

29 

57 

1345^ 

928 

S9 

117 

55696 

iS88 

30  59 

14400 

960 

60 

119 

57600 

1920!^ 

MENSlJItATION,  ^c. 


PROBLEM  IX.  ' 


^Q,  meafure  heights  and'  diftances  by  the  geometrical  fquar?i 


When  the  plane  is  horizontal,  tlie  inftrument  is  to  be  fup- 
ported  and  placed  horizontally  at  any  point  A,  and  it  is  to  bel 
turned  till  the  remote  point  F,  whofe  diftance  is  to  be  meafur- 
ed,  is  feen  through  the  fixed  fights ;  then  turn  the  index,  till 
through  the  fights  upon  it,  you  fee  any  acceflible  objed  B  ; 
then  place  the  inftrument  at  the  point  B,  directing  the  fixed 
lights  to  the  firft  ftation  A,  and  the  moveable  ones  to  the  point 
F  ;  and  if  the  index  cut  the  reclined  fide  of  the  fquare,  as  in 
the  point  E,  then,  from  fimilar  triangles,  ES  :  SB  :  :  as  BA  : 
AG  •,  but  if  the  index  cut  the  right  fide  of  the  fquare  K,  it 
will  be  BR  :  RK  :  :  BA  :  AF.  In  either  of  thefe  cafes,  the 
diftance  required  may  be  found  by  the  rule  of  three  *. 

Perpendicular  heiglits,  when  acceflible,  may  be  obtained  by 
die  quadrant  only.  For  example:  Tf  you  wanted  the  height  of 
a  houfe,  tree,  &c.  approach  towards  or  retire  from  the  obje£t, 
till  it  fubtends  an  angle  of  45°  j  then  ftiall  the  height  of  the 
objeft  be  equal  to  its  horizontal  diftance.     Ettclidy  I.  6. 

A  fimilar  obfervation  may  be  made  of  the  other  in'ftruments 
ufed  for  heights  and  diftances ;  but  this,  and  many  more,  will 
daily  occur  in  practice. 


The  fide  DE  is  called  the  right  fide,  E  the  reclined  fide.     • 

TABLES. 


LOGARITHMIC  TABLES; 


CONTAINING, 

I.  A  TABLE  OF  THE  LOGARITHMS  of  NUMBERS 

FROM  I  TO  ICOOO. 

IL  A  TABLE  of  LOGARITHMIC  SINES,-TAN. 
GENTS,  SECANTS,  and  VERSED  SINES, 
TO  EVERY  Decree  and  Minute  of  the  ^UA- 
BRANr. 

III.  A  TABLE  of  LOGARITHMIC  SINES,  TAN- 
GENTS, AND  SECANTS,  to  every  Point, 
Half  Point,  and  ^arter  Point  of  the 
COMPASS. 


A  Table  of  the  Logarithms  o/NvyihERs/rotn  i  to  loooo. 


N^. 

1-08-. 

21 

L,og. 

N^.  Lo^ 

" 

Lo<<. 

N^ 

I>nfr.  1 

r  c.oooDo 

J. 32222 

4111.61278 

61 

i.7^S33 

81 1.9084  8S 

a  0.50103 

22 

1-34242 

42;i.62325 

62 

1.79239 

82 

1.91381 

■  30.47712 

23 

I-36173 

4311-63347 

63 

J-79934 

83 

1. 91908! 

4  o.6o2o6 

24 

1.38021 

44!l-64345 

64 

1.80618 

84 

1.92428 

510.69897 
60.77813 

25 
26 

1-39794 
1.41497 

45|r-6532l 

65 
66 

1.81291 

85 
86 

1.92942 
1-93450 

4611.60276 

1-81954 

70.8451C 

27 

M3136 

47I1.6722C 

67 

1.82607 

87 

r-93952 

8 '0.903  09 

28 

1.44786 

48|i.68i24 

68 

i.832<i 

88 

1-94448 

9  0.95424 

29 

1.46240 

491. 69020 

69 

r.83885 

89 

^•94939 

10 

I.OOCOC 

I.04T39 

30 
31 

1. 47712 
X. 491 36 

50:1.69897 

7c 

1. 84510 

-9p 
91 

1-95424 

5IIT-70757 

1.85126 

1.95904 

12 

1.0791^ 

32 

1-50515 

5211.71600 

72 

1-85733 

92 

1.96379 

13 

I.II394 

2^ 

1-51^5  J 

53JI.72428 

73 

1.86332 

9i 

r.96848 

14 

1.14613 

34 

1-5314.^ 

54!i. 73239 

74 

r.86923 

9A 

1-97313 

I  5  (r. 1 7009 

35 

J. 54407 

55'.t. 74036 
5611.74819 

75 
76 

1.87506 

9.' 
9f 

f-9777i 
1.982^7 

16 

1. 4041 2 

3^' 

1-55630 

i.88o:}i 

17 

1.23-45 

3" 

T.5682C 

571I.75587 

77 

f.886^9 

97 

1.98677 

i« 

1-25527 

3^ 

1-5797? 

^-8  1.76343 

7>i 

1.89^09 

()'C 

1.99123 

'9 

1-27^75 

39 

1.5910^ 

59  1-77083 

79 

1.89763 

9:'ir-99563l 

1  20ll.-,0T0:,l  40)1.60206 

60  1.77815I  8c 

1.90309!  IOC  jz.ooooe; 
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N''. 

°  1 

I 

2 
00087 

3 
00130 

4 

5      : 

r 

7 

— T" 

__?_ 

too  oooooj 

OCQ43 

OCX  73 

00217  00260 

C0303 

00346 

00389 

lOI 

00432 

00475 

00518 

00561 

00604 

C0647  00689 

00732 

00775 

00817 

I02 

00860 

00903 

00945 

00988 

01030 

01072  OIII5 

01157 

0x199 

01242 

£03 

01284 

01326 

©1368 

01410 

01452 

01494  01536 

01578 

01620 

C1662 

f04 

01703 

01745 

01787 

01828 

OIS70 

OI9T2  01953 
02325  02366 

^»^3'5^2776 

01995 

02036 

02078 

121 

ro6 

02119 
02J37 

02160 
02572 

0220a 

026r2 

02243 

02284 
Ci094 

02407 
02816 

02449 

02857 

02490 
02898 

02653 

£07 

02938 

02Q79 

03019 

03060 

03100 

03141  03181 

03222 

03262 

03302 

loS 

03342 

03383 

03423 

03463 

03503 

03543;  03583 

03623 

03663 

03703 

109 

03743 

03782 

03822 

03862 

03902 

03941  03981 

04021 

04060 

04100 

fio 

04139 

04179 

04218 

04258 

04297 

04336  04376 

04415 

04454 

04493 

tii 
112 

'«453'^ 
0492^ 

045  7  J 

04610 

04999 

04650 
05038 

04689 

05077 

04727.  04766 
05115,  05154 

04805 

04844 

04883 
05269 

04961 

05192  05231 
0557^>'  05614 

113 

0330- 

05346 

05385 

054^3 

05461 

05500  05538 

05652 

114 

0569c 

05729 

05767 

05805 

05843 

05881'  05918 

059561  0599A 

0603  a 

fi5 

0607c 

06108 

06145 

06183 

06221 

06258,  06296 

06333I  06371 

06408 

116 

06446 
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450*5 
45179 
453*2 
45484 


45637 
45788 

45939 
46090 
46240 
46389 

46538 
46687 
46835 
4<)982 

47129 
4-^276 


47422 
47567 
47712 

47857 
48001 
48144 
4^)287 
48430 
48572 
48714 
48855 
48995 
49136 
49276 
4y4i5 
49554 
49693 
49831 
49969 
50106 
50243 
50379 
50515 
50650 

50786 

50920 

5x054 

5" 

51322 

51455 


44731 
44886 
45040 
45194 
45347 
45500 
45652 
45803 
45954 
46105 
46255 
5  6404 


46553 
46702 
46849 
46997 
47144 
47290 
47436 
47582 
47727 
47871 
48015 
48159 


48302 
4S444 
48586 
48722 
48869 
49010 


49150 
49290 
49429 
49568 
49707 
49845 


49982 
50120 
50256 
50393 
50529 
50664 


51587 
51720 
51851 
51983 
52x14 
52244 
52375 
52504 
52634 
52763 
52892 
53020 


50799 
50934 
51*68 
51202 
Si  3^5 
51468 


5 1 601 

51733 
51865 

51996 
52127 
52257 


52905 
53033 


a  I  3 
44747  44762 
4490a  44917 
45056^  45071 
45209'  45225 
45362  45378 
45515  45530 
45667  45682 
45818  45834 
45969  45984 
46120  46135 
46270  46285 
46419:  46434 
46568;  46583 
46716'  46731 
46864J  46879 
47012 
47159 
i23?5 
47451 

4''596 

47741 
47885 
48029 
-18173 


4999^ 
50133 
50280 
50406 
50542 
50678 

5'o8 

50947 

51081 

51215 

51348 


48330 

48473 

4861  s 

48756 

4889 

4903 

49148 

49318 

49457 

49596 

49734 

49872 


4  I 
44778 
44932 
45086 
45240 
45393 
45545 


45697 
45849 
46000 
46150 
46300 
46449 


46598 
46746 
46894 
47041 
47188 
4733A 


4748c 

47623 

4777c 

4791 

4^058 

48202 


40344 
48487 
48629 
4877c 
48911 
49052 


44793 
44948 
45102 
45225 
45408 
45561 
45712 
45864 
46015 
46165 

46315 
46464 


4O613 
46761 

46909 
47056 
47202 
47.349 

47494 
47640 
47784 
47929 
48073 
48216 


48359 
48^01 

48< 

48785 
48926 

49066 


49192 
49332 
4.9471 
49610 

49748 
49886 


50010 

50147 
502S4 

50420 
50556 

50691 


50^26 
50961 
51095 
51228 
51362 
1481 1  51495 
5I6I4  51627 
51759 
51891 
52022 

52153 
52284 


52388 

52517 
52647 
52776  52789 


52917 
53046 


52414 

52543 
52673 

52802 
52930 
53058 


50024 
50161 
50297 

50433 
50569 

50705 
50839 
50974 
51108 
51242 

5l37i 
5150^' 


5164c 
51772 
51904 
52033 
52166 
52297 
52427 
52556 
52686 
52815 
52943 
53071 
4 


44809  44824 


44963 
45I17 
45271 
45423 
45576 


45728 

45879 
4603c 
46180 
4633c 
46479 


46627 
46776 
46923 

47070 
47217 
47363 


47509 
47654 
47799 
47943 

4no8'/ 

4823c 


46373 

48515 
48657 

48799 


49206 

493 

^9485! 

49624 

49762 

4</90C 


50037 
50174 
503 1 1 
50447 
50583 
50718 


50853 
50987 
51121 
51^55 
51388 
51521 


51654 
51786 

51917 
52048 
52179 

52310 


52440 
52569 
52699 
52827 
52956 
53084 


44979 
45133 
45286 

45439 
4559} 
45743 
45894 
46045 
46195 

46344 
46499 


46642 
46790 
46938 
47085 
47232 
47378 

47524 
47669 

47813 
47958 
48101 

48244 


48813 


48940  48954  4896- 
/19C80  49094  49108 


8     I      9 

44840  44«55 
449941  45010 
45148  45163 
45301 
45454 
45606 


45758 
45909 


45317 
A54^9 
45621 


45773 
4592 


46060  46075 


46210 

46359 
46509 

46657 
46805 

46953 
47100 

47245 
47392 

47530 
47683 
47828 
47972 
48116 
4^^259 
48387]  48401 
48530  48544 
4.8071   48686 


3882; 


49220  49234  49248  49262 


50461  50474 
50596  50610 
50732  50745 


4938^ 
49527 


49390  4937 
49499  49513 
49638  49651 
49776  4979^ 
49?i4  499 
5OC51  50065 
50188!  50202  ^---^ 
50325!  50338^  50352 


46225 
46374 
46523 
46672 
46820 
46967 

471I4 
47261 

474C7 

47553 

47698 

478 

47986 

4813 

1^^ 

4841 

48558 

48700 

4884 

48982 

49122 


494^n 
49541 


4966J  49679 
49803  49817 

50092^ 
5022^ 

503(>5 
50501 
50637 
50972 


49v>4l 
5  0079 
50215 


50488 
50623 
50759 


506o6j  5o«i$cj  50^93 


51001 

51135 
51268 

51402 


51014 

51148 

51282 

'  51415 


5_l5;34i  51548 
51667J  51680 


51028 
51162 
51295 
51428 
51561 


50907 
51041 
51175 
5i3oJ> 
51441 
51574 


---/,  jxuou  .i693l  51706 
179:;'  51812  51825151838 


51930  51943 
52061:  52075 
52192  5220^ 
52323  52336 
52453  52466 


5 195  7j  51970 
52088;  52101 
522l8j  52231 
52349'  5_2362 
52476;  5249 


•J-tJo    :)^4<-"J    ^—i/-^  j'"-iy^ 

525«2,  52595!  52608;  526.;: 


52711:52724 
52840'  52853 
52969;  52982 
53097:53110 

6  I   7 


52737,  52750 
52866  52879 
52994'  5300 
5312a,  5313, 

8    ~7r 


62 
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N-*^. 

0 

J  40 

J3148 

34X 

53275 

.542 

53403 

J43 

53529 

344 

5i(>5''^ 

345 

53782 

346 

53902 

347 

54033 

^48 

54158 

349 

54283 

350 

54407 

3?i 

54531 

^^2 

54^54 

353 

54777 

354 

5490c 

355 

5502.; 

356 

55145 

35  7 

55267 

39? 

55^& 

359 

55509 

360 

55630 

^61 

5575^' 

362 

55871 

363 

ssr^^ 

56110 

16  c 

562iv 

^66 

56348 

367 

56467 

368 

5  65  8  J 

369 

56703 

370 

56820 

371 

56937 

372 

57054 

3  73 

5717X 

374 

57287 

375 

57403 

376 

57519 

377 

57634 

M'^ 

57749 

379 

57864 

ij8o 

5797''^ 

381 

5809. 

3«2 

5c^2o6 

^3. 

58320 

384 

58433 

38^ 

58546 

386 

58659 

3^7 

,58771 

38^ 

•5888^ 

389 

58995 

390 

59106 

391 

59218 

392 

59J^9 

393 

59439 

394 

59550 

^^95 

59660 

396 

59770 

397 

59879 

39^ 

59988 

399 

60097 

N«. 

0 

-J. -J 

53I6I' 53173 
53288,53301 
55415;  53428 

53542:  52,555 
53668^  53681 
53794|  53807 
53920 
54045 


54170 
54295 
5-^419 
•^i-^43 
54667 
54790 
549^3 
S5o:-,5 


5?>9ii 
54058 
54183 
54307 
54432 
SASS5 


54802 
54925 
55047 
55x57  55169 
552291  55291 


55400  550^12 
55522  55534 
55642  55654 
55763  55775 
55883  55895 
5 6003 j 56015 
56i?.2{  36x34 
562411  562^3 
56360 


56478 
56597 
56714 
56832 

56949 
57066 
57183 
57299 
5-415 


57530 
57646 
57761 
57875 
57990 
58104 


58218 
5^331 
58444 
58557 
5S670 
r8-9- 


56372 
56490 
56608 
56726 
56844 
56961 
57078 
57194 
57310 
57426 
5~7542 
57657 
57772 
57887 
58001 
581T5 
58229 

58343; 

58456 

585^91 
58681! 

58794! 


3 

5li'86 
53314 
53441 
53567 
53694 
53820 

sy)A5 
54070 
54195 
54320 
54444 
54568 

54691 

54814 

549 

5506c 

55182 

5530 


55425 
55546 
55666 
55787 
55907 

56'026 
5CVI46 
56265 
56384 
56502 
56620 
5673S' 


4  I  5 
53199I  53212 
53326!  5iZi9 
534531  53466 
53580J  5ZS91 
53706  53719 
4^832  53845 
53958  53970 


6 


5408, 


54208  54*^o, 
54332  34345 


54456  54469, 
54580  54593; 


54704  54716I 
54827  54839J 
54949  54962 
55072  55084I 
55194  55206 


50694 
59006 
59118 
59229 
59340 
59450 
59561 
59671 
5978c 
59890 

59999 
60108 


5''-^;o6j 
59017 
591^9! 
59240' 

59351 

59572I 
5968ii 
5979 1| 
59901I 
60010 
60119' 
a  i 


56855 
56972 

57089 
57206 

57553 
57669 

57784 
57898 
58013 
58127! 
58240 
58354; 
584671 
58580; 
58692' 
58805' 
589T7 
590-^8 
59140, 
59251; 
59362' 

5£4_73 
59583 
59^>93 
59802 

59'.J^^ 
6cc2r 

60130 


55437 

556  7  p 

55199 
55919 
56o3_8 

56158 

56277 
56396 
56514 
56632 
56750 
56867 
56984 
57101 
5721? 
51il^ 
57449 


57565 
57680 

57795 
5791c 
58024 
58138 
58252 
58365 
58478 
58591 
58704 
5-816 

58928, 
59040 

5915 1 
59262 

59373 
59483 

5959'> 
59704 
59813 
599^3 
60032 
60T41 

4 


5A:995 


55328 


55449 
55570 
.55691 
55811 
55931 
56050 

56170 
56289 
56407 
56526 
56644 
56761 


56879 
56996 
57113 
57229 
5  7345 
57461 


57576 
57692 
57807 
57921 
.58035 

58149 


58263 
58377 
58490 
58602 
58715 
58827 

589I9 
59051 
59162 
59273 
59384 
59494 
59605 
59715 
59824 
59934 
60043 
60152 


53224 
52>Z5T' 
53479 
53605 

53732 
•11S57 

53983 
54108 

54233 

54357 

5448 

54605 

54728 
54851 
54974 
55096 
55218 
55340 


554^1 

55582 

55102, 

55'^^ 

5594 

56062 


56182 
56301 
56419 
56538 
56056 
567y 
56891 
5700^ 
57124 
57^41 
57357 
57473 
5758b 
57703 
5781b 
519ZZ 
58047 
58161 

58274 
58388 
58501 
586x4 

58726 

5895c 
59062 
59173 
59284 

59395 

59506 

59616 
59726 
59835 
59945 
60054 

6oi6^ 


ii')95 
54120 
54245 
54370 
54494 
54617 


54741 
54864 
54986 
55108 
55230 
55^2 

55473 
55594 
55715 
55^15 
55955 
56074 

56194 
56312 
56431 
56549 

56667 
56785 


56902 
57019 
57136 
57352 
57368 
57484 
57600 
57715 
57830 
57944 
58058 
58172 
58286 

58399 

58512 
58625 

58737 
5885c 

58961 

59073 
59^84 

59395 

59406 

595^ 
59627 
59737 
5984/3 
59956 
60065 
60173 


5326:- 
5339c 
5351; 
5364- 
53769 
53895 
5402c 

54145 

54258J  5427t 
54382  54394 


54506 
54630 


54753 
54876 
54998 
55121 
55242 
55364 


55485 
55606 
55727 
55847 
55967 
5^086 


56205 
56324 
56443 
56561 
56679 
56797 
56914 
57031 
57148 
57264 
57380 
5749_6 

57611 

57726 
57841 
51955 
58070 

58297 
58410 
58523 
58636 

58749 
5  8  861 

58975 
59084 
59195 
59306 
59417 

59 '^28 


59638 
59748 
595^57 
59966 
60076 
60184 


545i'i 
54642 

54765 
5488b 
55011 
55T^Zl 
55255 
5557_6 

55497 
55618 

55739 
55859 
55979 
56098 

56217 
56336 
56455 
56573 
86691 
j68o8 
56926 
57043 
57159 
57276 

5739* 

57607 

57623 
57738 
57852 
57967 
5808J 
58^9j 
58309 
5842a 
5^535 
58647 
58760 
58872 
58984 
59095 
59307 
59318 
59438 
59539 

59649 

59758 
59868 

59977 
60087 

60195 
__ 
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N^.|  o 
400. 60106 
401 1  60314 
402  60423 
403^  60530 

404  60638 

405  60745 
406;  60853 
407!  60959 
408  61066 
409I  61172 
410  61178 

61384 
61490 

6T59 

61700 

6180 

61909 

6aoT4 

62T18 

61221 

62325 

62428 

62634 


4^1 

412 
413 
414 
415 
416 

417 
41b) 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
4JO 
431 
432 
433 
434 
435 
436 
437 

439 

440 

'ill 
44 -i 
443 
444 
'445 
446 
447 
448 
449 


62737 
62839 
62941 
63043 
63144 
63246 

63347 
63448 
63548 
63649 
63749 
63849 


6021 7 j 60228 
603 25 160336 
6043 3 j  60444 
60541: 60552 
60649J  60660 
607561 60767 


60863 
60970 
61077 
61183 
61289 
6139.5 
61500 
61606 


60874 
60981 
61087 
61194 
61300 
61405 
61911 
61616 


61711J  61721 

6i8r5j  6r?26 
61920;  6193 

62024.  62034 


62128 
62232 
623*35 
62439 
62542 
62644 
627^ 
62849 
62951 
^'3053 
63155 
637,56 


63949 
64048 
64147 
64246 
64345 
64444 


04542 

64640 

64738 

64836 

64933 

<'503i 

657181  65137 

65225^65234 


63357 
6345''^^ 
63558 
63659 
63759 
63059 
63959 
64058 

64157 
64256 
64355 

64552 
6465  c 
64748 
64846 

64943 

65040 


62138 
61242 
62346 
61449 
62552 
62653 


6l7S7 
61899 
61961 
63063 
63165 
63266 


63367 
6^468 
63568 
6^669 
6376; 
63869 


60239 
60347 
60455 
60563 
60670 
60778 


60991 
61098 
61204 
61310 
614T6 


4...  _1_ 
60249  60260 
60358  60369 
60466'  60477 
60574':  60584 
60681I  60692 
607881  60799 
60895;  60906 
6iooi|  61013 
61109J  61119 
61115!  61115 


01511 
61627 

6173 
61836 
61941 
62045 


61321 

61426 

6T532 

71  61637 

I  61742 


62149 
62252 
62356 

61459 
62561 
62665 
6276"7 
62870 
62972 
63073 
63175 
63276 


63377 
63478 

63579 
63679 

63779 
638^9 

63979 
64078 
64177 
64276 


63969 
64068 
64167 
64266 
643651  64375 
64464!  64473 
64562J  64572 
64660  64670 
64753  64768 
64855  64865 
64953  64963 
65050!  65060 

-651471  65"i."r7 
65244!  65254 


61847 

61951 

62055 

62i'r9 

6226 

62366 

62469 

6157 

61675 


61778 
61880 
62987 
6308^ 
63185 
6328^> 

63387 
63488 

63589 
63689 
63789 
63889 


6133 1 
61437 

61542 
61648 

61751 

61857 
61961 
61066 


61170 
61273 

62377 
6248c 
62983 
6268^ 


62788 
6289- 
62992 
6309/ 
63195 
63296 

63397 
63498 

63599 
63699 

63799 
63899 


6   _7 ,   ^  :   9 

60271  60282.  60293.  60304 
60379  6039O:  60401  60412 
60487  60498  60509!  60520 
60595  60606:  60617'  60617 
60703  60713'  60714;  60735 
60810  60810;  60831!  60842 
60917  609271  60938 
61023  61034!  61045 
61130  61140!  61151 
61236  61147!  61257 
61341  61351!  61363 
61448  61458!  6x460 
^^^5 Si   61563J  0x574 


61658  91669 
61763  61773 
61868  61878 
61971  61982 
61076  62086 

tii8o;  61190 
61284: 62294 
62387J  62397 
624901 62500 
62593  62603 

>()Z(>nfM  6l;06 
■  '  6 28H8 
62910 
63012 

631 14 


63988 
64088 
64187 
64286 

643<"5 
64483 


64581 
64680 
64777 
64875 
64972 
6507c 


65107 

6,5263 


6 
619 

63001 
63104 
63105 
63306 

63407 
63508 
63609 
63709 
6380 

64008 
64108 
64207 
64306 
64404 
6450 


63998 
64098 
64197 
64296 
64395 

64493  

04591.  64601 
64689.  64699 
64787!  64797 
64885;  64895 

6498 1;  64992 
65079  65089 
65176  65T86 
65273  651^ 
65360  65369  65379 
654561 69466   65479 


65581 
65677 
65772 
65868 

65963 
66058 


65591 
65686 


450   65321I  65331    65340!  65350 

4511  65418    65427    65437165447    65456I  65466   65475    65485I  65495 

452;  65514  65523  bs52,y^  65543 
~  65610,  65619  65629;  6.9639 

454  65706,  65715  6572};  65734 

455;  65801   65801  65810  65830!  65839J  65849  65S58 

456  65896;  659061  65915   659151  659351  65944  65954 

457i  65992'  66uoij  6601 1   66020!  66030J  66039  66040 

458,  66087;  660961  66106  66x15!  661241  66134  66143J  66153 

459'  66181;  66191I  66200  662101  66219  66229  66238'  66247 


65552!  65562  6557"^[ 
65648!  65658  65667 
657441  67773  65763 


63115 
63317 


63417 
63518 
63619 

637i< 
63819 
63919 


64018 

64118 

64217 

64316 

64414 

64513 

6461 

64709 

64807 

64904 

65002 

65099 

65196 

65291 

653^*9 


61679 
61784 
61888 
61993 
62097 
6iioi 
61304 
61408 
6151.1 
61613 
627^6 
628x8 
62921 
63011 

63124 
6:;i2i; 

6_33  " 

63428 

63528 

636 

63729 

63819 

639''-9 


64018 
64118 
642 

64424 
6.1523 
64621 
64719 
64Si(' 
64914 


60949 
61055 
61161 
61268 

61374 
61479 


6x584 

61690 

61794 

61899 

61003 

61107 

61111 

62315 

6141 

61511 

61614 

61716 

61819 

6193 

63134 
63236 
6333? 
63438 
(>2,Sii 
63639 
63739 
63839 
63939 


04038 
64137 
64237 
64335 
64434 
6453.2 
64631 
64729 
64816 
64914 


65011  65011 
6?T'V;!!  6511^ 


Oj  ^  jj, 

65302 
65398 


N^ 


65782 
65877 
65973 
66068 
66161 
66157 


6  I 


65215 
65312 
65408 
65504 
65600 
65696 
65792 
65887 
65982 
6607  y 
66172 
66266 


I 
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460 

461 

462 
463 

464 

465 
466 
467 

468 
469 

470 
471 

472 
473 
474 
475 
476 
177 
478 

479 
480 
481 
482 
te 
484 
485 
486 
487 
488 
•489 

492 
491 

49  i 

494 
493 
496 
497 
498 

499 
50G 
501 
502 
503 
504 
S05 
506 
507 
DO8 

>09 
nc 
)" 

)I4 
-16 

;i7 
;i8 

>4«. 


o 

66x76 
66370 
66464 
66558 
66652 
6674J 

66839 
66932 

67025 
67117 
67210 
67302 

67394 
67486 
67578 
97669 
67761 
67852 


67943 
68034 
68124 
6821; 
68305 

^ 
684% 
68574 
68664 
68753 
68842 
68.;3^r 
69020 
69108 
69197 
69285 
'''9373! 
6946 

69548 
69636 

69723 
6981C 

69897 
69984 

70070 
70^57 
70243 
70329 
70415 
70501 


66285 

66380 

66474 

66^67 

6666 

66755 

66848 

66941 

67034 

67127 

67219 

67311 

67403 

67495 

67587 
67678 
67770 
67861 


67952 
68043 

68133 
68224 
68314 

68404 


68494 
68583 

6867'^, 
68762 
68851 
68940 
6^18 
69117 
69205 
69293 
69381 
69469 

69557 
69644 

69732 
69819 
6;y9o6 
69992 


70079 
70165 
70252 
70338 
70424 
70509 


70586 

70672 
70757 
70842 
70927 
71012 
7x096; 
71181! 
71265! 
7J349; 
71435: 
71517 
o 


66295 
66389 
66483 

66577 

6667 

66764 

66877 

66950 

67043 

67136 

67228 

67322 

67413 
67504 
67596 
67688 

67779 
67870 

O7961 
68052 
681^,7, 
68233 
68323 
6841^ 

68^92 
68681 
68771 
68860 
68949 

69037 
69126 
69214 
69302 
69390 
69478 


69566 

69653 

69740 

69827 
69914 

70C01 
70088 
70174 
70260 
70346 
70432 
705  i<^ 


70595 
70689 

70766 
70851! 
70935' 
71020' 
71105,' 
71189 
7127^! 
71357I 
71441 

I~ 


66304 

66398 

66492 
66s86 
66680 
667^ 

66867 

66960 

67052 

67145 

67237 

67330 

67422 

6751 

67605 

67697 

67788 

67879 

67970 

68061 

68151 

68242 

68332 

68422 

68511 

68601 

6869 

6878 

68869 

689^8 


69046 

69135 
69223 
60311 
69399 
6948 

69574 
69662 
69749 
69836 
69925 
70010 
70096 
70183 
70269 
70355 
70441 
70526 


7.0603 
70681 

70774 
7C059J 
70944I 

7J[_029| 

7^3 
71198 
71282 
71366 
7i45'^ 
71533 


70612 
7C697 
70783 
70868 
70952 
71037 


7  I' 12 

71206 

71290 

7-374 

71458 

'3 


66314 
66408 
66502 
66596 
66689 
66783 


66876 
66969 
67062 
67154 
67247 
67339 
67431 
67523 
67614 
67706 
67797 
67888 
67979 
68070 
68160 
68251 
68341 
68431 


6^^520 
68610 
68699 
68789 
68878 
68966 

690T5 
69144 
69232 
6932c 
69408 
69496 

%8. 
69671 
69758 
69845 
69932 
70018 

701 0^5 
70191 
70278 
70364 
70449 
70s  35 


70621 

70706 
70791 
76876 
70961 
7_1046 

71130 
71214 
71299 
71383 
71466 
7^550 


66323 

6641 7 I 

665IT 

666051 

66699 

66792 

66885 

66978 

670711 

67I64I 

672561 

67348! 

67440 

67532 

676 

67715 

6781 

67897 
67988 
68079 
68169 
68260 
68350 
68440 
68529 
68619 
68708 
68797 

68886 

68975 

69064 

69152 

692 

69329 

69417 

69504 

69592 
69679 
69767 
69854 
69940 
70C27 
70114 
70200 
70Z86 

70372 
704^8 
70544 


66332 
66427 
66521 
66614 
66708 
66801 


70629 

70714 
7croo 

70885 
70969 

7II39 
71223 
71307 
71391 
71475 
71559 

5 


66894 
66987 
67080 

67173 
67265 

67357 
67449 
67541 
67633 
67724 
67815 
67906 


67997 
68088 
68178 
68269 

68359 
68449 


68538 
68628 
68717 
68806 
68893 
68984 

6'9073 
69 1 61 

69249 

69338 

69425 

6951^3 

6960 

69688 

69775 
69862 
69949 
70036 
70122 
70209 
70295 
70381 
70466 
70552 


70638 
70723 
7080b 
7039, 

70978 
7106 


71147 
71231 
71315 
71399 
71483 
71567 


_  7_  ( 
66342 
66436I 
66530 
66624 
667171 
66811! 
669^4 
66997; 
67089 
67182; 
67274! 
67367: 

67459I 
67550; 
676421 


66351 

66445 
66539 
66633 
66727 
66820 
66913 
67006 

67099 
67191 
67284 
67376 


7733 


67825 
6  791 6 
68006 
68097 
68187 
68278 
68368 
68458 

68547 
68637 
68726 
68815 
68904 
68993 


67468 
67560 
67651 
67742 
6783^ 
67925 
68015 
68106 
68196 
68287 
68377 
6^467 


68556 
68646 

68735 
68824 
68913 

69002 


69082 
69170 
69258 
69346 
69434 
69522 

69609 
69697 
69784 
69871 

69958 
70044 

70131 

7021 

703c 

70389 

70475 

70561 


70646 

70: 

70817 

70901 
7098^ 
71071 

7124c 
71 32-: 
7x40^: 
71492 

7£575 
7 


69090 
69179 

69267 

69443 
69531 
69618 
69705 

69793 
69880 

69966 

70053 
70140 
70226 
70312 

7039^1 
70484: 
70569: 
70655: 
70740; 

70825! 


70910; 

70995 
71079! 
71164' 
7I248I 

>1332; 

71416 

71500 

7x584 


9 
66361 
66455 
66549 
6*^642 
66736 
66829 
6K923 
67015 
67108 
67201 
67293 
6738^ 

67477 
67569 
6766Q 

6775^ 
6784.1' 
67934 
68024 
68115 
68205 
68296 
68386 
68476 
68^65 
68655 
68744 
6883 
6892! 
69011 
6909^ 
6918$ 
692/6 
69 -,64 
6945  2 
69539 
69627 
69714 
69801 
69888 
69975 
70062 
70148 
70234 
70321 
70^06 
70492 
70578 
7066-? 
70-48 
70834 
70919 
71C03 
71088 
7ti7-^- 
71257 
71341 
7^25 
71S08 
7I59_3 
9 
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J20 

S^3 
524 
525 
526 
■527 
528 
529 
5.30 
53' 
532 
533 
534 
S35 

537 
53S 
S3i' 
54c 
541 
54- 
54,? 
544 
545 
54O 
54: 
■548 

S5C 

551 

f52 

553 


o  I 
71600' 
71684: 
71767 
71850, 

71933: 

72016I 

7»i8ii 
72263 

72346 
7242S 

7259"! 
72673 
72754 
72^35 
72916 

7-'-997 


73078 
73t59 
73239 
7J320 
73400 
73480 


__l_  __» 3_ 

71609  71617  71625 
71692  71700  717^9 
71775  71774  71792 
71858, 7ib67  71875 
71941;  71950;  71958 
72024]  720321  72041 
72107;  72^151  72123 
72189  72198!  72206 
72272!  72280 
72354I  72362 
72436!  72444 
72518!  72526 

726o'7 

72689 

72770 

72852 

7*933 

73014 


73560 
73640 
73719 
737?9 
73878 

^9-57 
740361 
74^  f-s] 
74194, 
74273! 
554  7435 T 
74429 


72599 
72681 
72762 
72843 
72925 
73f'5'_6 
73086 
73167 
73247 
73328 
734^8 
73488 
73568 
73648 
73727 
73807 
73886 
7  ^965 


73074 
73175 
73255 
7333(> 
73416 
7^496 


74507; 
7J586J 


.  <; 

556 
55 

'558  74^3! 
=  559  7474 il 
5<^'oL748/9' 
^f^f  74896: 
562J  7~47^i 
J6jl  750U' 
564J  75128 
^J^l  75205, 
566;  7^282' 
567;  75358 
568'  75435' 
560  755 I I 
570'  75587- 
57I'  75664; 
5721  75740! 
5_7.3!  75815; 
574;  75891' 
175',  75967! 
576;  7^>042! 
577|  76T18 
578,  76193 
579!  76268 
N»        o     ! 


.It 


740^' 4 
74123 
74202 
74280 
74359 
4437 

74515 
4593 


/2288 

72370 
72452 
72534 

72616 

72697 
72779 
72860 
72941 

73022 


73JO'4 
73183 
73263 
73344 
73424 
7350.^' 


73576 
73656 
73735 
73815 
7.>'894 
73973 
74052 

74x31!  74139 

74210 

74288 

743^7 

74445 


74523 
74601 

74671  746:9 
7474> 
74&2  7 


74904 
74981 
75059 
7-136 
75213 
75239 


74/57 
74834 
74;r2 


74217 
74296 
74374 
74453 


74j3i 
74609 
74687 
74764 
74842 

74919 


7499; 


74989 

75o66j  75074 
75 143  75151 
75220I  75228 

75297!  25305 
75366J  75374  75381 
754421  75450;  75458] 
75JI9  75526:  755341 
75595  7-5 ^^'3  75 ''^io; 
7S(>79  75686! 
7 5  755 :  75762' 
75831^  75838 
7^906  75914 
75982  75989 
76057  76065 
76133  76140 
76208  76215 
7628^  76290 


1  ' 
71634 

71717 

71800 
71883 
71966 

72049 

72132 

72214 

72296 

72378 

7246^ 

72542 


75671 
75747 
75823 

75899 
75974 
7605  c 
76125 
7620c 
76275 
I 


72624 

72705 

72787 

7286b 

72949 

73030 

73111 

73 1';  I 

73272 

7333 

73432 

■^. 

73592 

73672 

73751 

73830 

/3910 

7398? 

7406b 

74147 

74225 

74304 
743*^2 
74461 

74539 
7461; 

74695 
74772 
74850 
74217 
75005 
75082 
75^5:^ 
75236 
75312 
75389 
75465 
75542 
75618 
75^94 
7577c 
75846 
75i^2j: 
75997 
76 -'72 
76148 
76223 
7629b 

4 


71642 
71725 
71809 
71:892 
71975 
72057 
72140 
72222 
72304 
72387 
72469 


7105, 

7173'. 
7181; 
7 1 90c 

71983 
72066 

72148 
7223c 
72313 
72395 
72477 


72550!  7255S 


72632 

72713 
72795 
72876 

72957 
73038 


73119 
73199 
73280 
'336c 
73440 
735^ 
73000 
7367'> 
73759 
73838 
73918 
73997 


74076 
74155 
74233 
74312 
74390 
74468 

74547 
74624 

74702 
74780 
74858 
74935 


72640 
72722 
72803 
72884 
7:965 
73046 

7*3127 
73207 
7328" 


75012 
75089 
75166 
75243 
75320 
753>-7 


76155 
7623c 

7630s 


7.3448 

73608 
73687 

737^7 
73846 
73926 
74005 
74:^84 
74162 
74241 
74320 
74398 
74476 


716591  71667 

71742I 71750 
71825  71834 
71908  71917 
71991  71999 
7^0-^4!  72082 

72167 

72247 
72329 
72411 
72493 

7257.^ 


7ii5^ 

72239 

72321 

72403 

72485 

7256 

7264b 

7V3C 

72811 

7-^892 

7297 

7305 


73 'jj 

73215 

7^296 

7^3368  733/6 


7345^^ 
73536 
•73616 
7369: 
'3775 
73854 
73933 
740x3 


7409-. 

7417 

74249 

7432 

74406 

74484 

74)62 

74640 


74570 
74648 
74726 
74803 
74881 
74958 


74554 
74632 

747io|  74718 
74788  74796 
74865I  74873 
7 4943 j  74950 
750201  7502b  7503J 
75097  75105  75113 
75174^  75182  75189 
75  25 1  {  73^59 
75328  75335 
75404j  75412 
75481J  7548^ 
75557]  755(>5 
75633'  75641 
75709I  75717 
757851  7J793 
758611  75<i6& 


75266 
75343 
75420 

75496 
75572 
75648 
757>4 
75800 
75876 
75937!  75744    7595 

7601 2 j  ;6oiL 


75473 
75549 

756:.6 
75702 
75778 

75929 

76005  . 

760S0J  76087  7609^ 


72656 

7273^^ 
72819 
72900 
72981 

7  3"-;  62 

731+3 
73223 
73304 
73384 
73464 
'3544 


73<)24 

/3703 
73783 

738i>2 
73941 

74020 


74099 
74178 

74257 
7A335 
74414 
7449 


7602; 

.,    ...    76103 

76173!  7617c  7617^ 

76253 

763  2  8j 

8""" 


2623S 

7^13 

6 


4'6:45 
7632c 


_9 

71675 
71759 
71842 

71925 
72008 
72090 


72173 

72255 

72337 
72419 

7250J 

72665 
72746 
72827 
72908 
72989 
73070 

7  3 151" 
73231' 
73312 
73392I 
73472 
73552 
7363  s 
73711 
73791 
73870 

73949 

7402?, 

74107: 

741 

74265 

74343 

74421 

74500 

74578 
7465^ 
74733 
74811 
74889 
74966 

75^43 
75120 

75197 
75274, 
7585 1 
75427 

75504 
75580 
75656 

75  73-'. 
75^<o2 
75884 

75959 

7603 

76110; 

76185 

-62 
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580 
581 
582 
5^i 
5B4 
.585 
586 
587 
588 
589 

59' 
593 
594 
59.V 

,W 
59^ 
59y 
60c 
60  ] 
607 
603 
60^ 
60  ? 
606 
■607 
60S 
600 
6xc 
on 
6ia 
613 
614 

16 

017 
6ig 

620 
6a' 

048 

629 
630 
631 

h^ 
■'^33 
634 

636 

637 

6,^8 
!9 

IN' 


76343I  76350, 


76418 
76492 
76.567 
76641 
76716 


76425 
76500 
76574 
76649 

76723 


76790;  767971 
76864  768711 


76938 
77012 
77085 
77119 
77232' 
77305' 
77379 
7745'^ 
77525 
77597 
77670 
77743 
77815 
77887 
7796c 
78032 
7810^ 
78176 
78^47 
78319 
78390 
7846:' 


76945 


78533 
7860,, 
78675 
7^746 
73317 
7888'' 


7895^ 
'79029 

79099 
79169 

79239 
79309 


79379 
79449 
7951" 
79588 
H~657 
797^7 


79796 

79865 

7993-1 

8000 

80072 

80140 


77019J 
77093; 
77i'66j 
77240 
77313 
77386 
77459 
77532 
7  7'''05 


77O77 
77750 
778,22 
77895 
779"7 
78030 
78111 
78183 
7S254 
78326 
78397 
784^^9 

"51 1 
70^682 

78753 
78024 
78893 
78965 

7903^^ 
79106 
79176 
79246 
7931^' 


76358 
76433 
76507 
76582 
76656 
76730 
76805 
768^9 
76952 
77026 
77100 

mil 
77247 
7732c 
77393 
77466 
77539 

7'7<^3 
77757 
77830 
77902 
77974 
78046 
7811S 
78190 
78262 

78333 
78405 
7847^' 


78547 
78618 
78689 
78760 
78^3 1 
78902 
78972 
79043 
79113 
79183 
79^53 
79323 


80209 

8Q277 
20346 
8a:  1 4 
'86/^82 
80550 


79386 
79456 
79525 
79595 
79664 
79734 
79803 
79874 
7994i| 
80010: 
80079 
80147! 

802  i6l 
80284 

8o353j 
80421 
80489' 
80557 


79393 
79463 
79532 
79602 
79671 
79741 


79810 
79879 
79948 
80017 
80085 
80154 
80123 
80291 
80359 
80428 
80496 
80564 


7f'365 
76440 
76515 
76589 
76664 
76738 
76812 
76886 
7696c 
77034 
77107 
771I1 
77254 
77327 
77401 
77474 
7754f- 
77619 
77692 
7776^ 
77837 
77909 
77981 
78053 
7812;; 
7^ig7 
7S260 
28340 
78142 
7S412 


78554 
78625 
78696 
78767 
78838 
7S009 


7^979 
79050 
79120 
79190 
79260 
79330 
79400 
79470 

79539 

79609 

7967 

7974S 

"7981 

79886 

79955 
80024 
80092 
8oT6r 


80229 
80298 
80366 
80434 
80502 
80570 

"3 


4  1 

5  1 

76373  76380 

76447!  76455 

76522 

76530 

76597 

76604 

76671 

76678 

76745 

76753 

76c)  1 9 

76827 

76893 

76901 

76967 

76975 

77041 

77048 

7  71 15 

77122 

77188 

77195 

77261 

77269 

77335 

77342 

77408 

77415 

77481 

77488 

77554 

77561 

7762; 

77634 

77699 

77706 

77772 

77779 

77844 

77l^Si 

77916 

77924 

7798H 

77996 

7806T 

78068 

ysrr; 

78140 

78204 

78211 

78276 

78283 

7834? 

7-^55 

78419 

78426 

7849c 

78497 

78501 

7S569 

786^  T 

78640 

787OJ 

78711 

78774 

78781 

78845 

788^2 

789T6 

78723 

78986 

78993 

79057 

79064 

79*27 

79134 

79197 

7920/1 

79267 

79274 

79337 

79344 

79407 

7941^ 

79477 

79484 

79546 

79553 

79616 

79623 

79685 

79692 

79754 

79761 

79824 

79»3i 

79893 

79900 

79969 

79968 

80030 

80037 

80099 

801C6 

80168 

801 7  5 

85^6 

80243 

80305 

8031a 

80373 

8038c 

80441 

,80448 

80509 

80516 

80577 

80584 

4 

J 

6 

76388 
76462 
76537 
7661X 
76686 
76760 

76834 
76908 
76982 

77056 
77129 
77203 

77276 

773^9 
77422 

77495 
77568 

77714 
77786 
77859 
77931 
78003 
78075 

7814^' 
78219 
78290 
78362 
6843.^ 

7850_4 
78576 
78647 
78718 

78859 
7803c 
790CC 
79071 
79141 
79211 
7928T 
79351 


7942! 

7949 » 
7956c 
7963c 
79699 
59768 


79^37 
79^06 

79975 

8004;, 

8011 

8018 

80250 

803 

80387 

80455 
80523 
80591 


7 

76395 

(76470 

76544 
76619 
76693 
76768 
76842 
76916 
76989 
77063 

77157 
77210 

77283 
77357 
77430 
77503 
77576 
77648 


7772 

77793 

77866 

77938 

78010 

78082 

78154 
78226 
78297 
78369 
78440 
78512 


78583 
98654 
78725 
78796 
78866 
78937 


79007 

79078 
79148 
79218 
792S8 
79358 


79428 
7949'/^ 
79567 
79637 
79706 

Wll 

79844 

799 

79982 

8005 

80120 

80188; 
80257 
80325 

80393 

80462 

80530 
80598 


8 


70403 
76477 
76553 
76626 
76701 
76775 
76849 
76923 

76997 
77070 

77144 
77217 
77291 
77364 

77437 

77510 

77583 
77656 
77728 
77801 
77873 
77945 
78017 
78089 
78101 
78233 
78305 
78376 
78447 
785^9 
78590 
78661 
78732 
78803 
78873 
78^744 

79014 
79085 
79155 
79225 
79295 
79363 
Z9435 
79505 
79574 
79644 
7971: 
79782 

7985  J 
7992c 
7'.>98> 
8005  b 
80127 
80195 

6  026  4 
80332 
8040c 
80468 
80536 
80604 


_  9 

76410 
76485 

76559 

76634 
76708 
76782 
76"8^6 
76930 
77004 
77078 

77151 
77225 

7729^ 
77371 
77444 
77517 
7759c 
77663 

77735 
77808 
77880 
77952 
7802; 
78096 
78168 
78240 
7831^ 
78383 
78455 
78^26 

78597 
7866*^ 

78739 
78810 
78880 
7895_i 
79021 
790.92 
7916a 
79232 
70302, 
79372 

79442 
795 1 3E 
79581 
79650 
79720 
7_97_89 
79858 
799-17 
79996 
80065 
801.34 
80202 

8^27  i 

80339 
80407 

80475 
80543 
80611 
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f,v 

0    ,  I  j   a  ,   5 

1   4  1   5 

6  1   7   18 

9 

64c 

80618  8o6aj 

8063a,  80638I  80645!  80652 

80659'  80605 

80702 

8c67s 

641 

80686  8069^ 

80699 

8070^ 

j|  80713;  80720 

80726 

80733 

80740 

80747 

642 

80753  ^0760 

80767 

8077^ 

J  80781'  80787 

80794 

80801 

80808 

80814 

643 

80821 

8o8a8 

80835 

80841!  80848:  80855 

80862 

80868 

80875 

80882 

644 

80889 

80895 

S0902 

Sooo(^ 

80916!  80922 

80929;  3o93(' 

30942 

8c94, 

645 

8^56 

80963 

80969 

^22^ 

80983^  80990 

80996:  81003 

81010J  8x017! 

646 

81023 

8103c 

81037 

81043 

81050!  8'io5  7 

81064J  81070 

81077 

81084 

64- 

81C90 

81097 

81104 

81x11 

81117I  81124 

8x131 

81T37 

81144 

81151 

648 

gil57 

8 1 164 

81171 

81178 

81184!  81191 

81195; 

81204 

81211 

81216 

649 

81224 

81231 

81238 

81245 

812511  81258 

81265 

81271 

81278 

81285 

650 

8129! 

8i2q8 

81305 

8131 1 

81318;  81325 

81331 

81338 

81345 

81351 

651 

6^ 

8135S 
814^5 

81365 
81431 

81371 
81438 

81378 

81385  81391 
81451  81458 

81398 
81465 

81405 
81471 

81411 
81478 

8j4if; 
81485 

81445 

(>S3 

8149 1 

8149.8 

81505 

81511 

81518 

81525 

81531 

81538 

81544 

8155 1 

654 

81558 

81564 

81571 

81578 

8158. 

81591 

«I598 

81604 

8i6ii 

81017 

(>55 

81624 

81631 

81637 

81644 

81651 

81657 

81664 

81671 

81677 

8168. 

6c6 

81695 

81697 

81704 

81710 

8171? 

81723 

81730 

81737 

81743 

8175c 

6i7 

81757 

91763 

81770 

81776 

81783 

81790 

81796 

81803 

81809 

81816 

65i5 

S'1823 

81829 

8-1836 

81842 

81849 

81856 

818O2 

81869 

81875 

8188: 

6ij9 

81889 

81895 

81902 

•81908 

81915 

81921 

81928 

^^935 

81941 

81948 

660 

81954 

81961 

81968 

81974 
82040 

81981 

81987 

81994 

820GO 

82007 

82014 

661 

820*0 

82027 

82033 

82046 

82053 

8ao6c 

82066 

82073  82079! 

662 

82086 

82092 

82099 

8210^ 

82112 

82119 

82125 

82132 

8213S 

82145 

663 

82151 
82217 

82158 
82223 

82J64 

8^:f^. 

82171 
82236 

82178 

82184 
82249 

82191 

82Zj,u 

82197 
82363 

8220J 

82269 

S221C 
8227c 

22243 

665 

82282 

§2289 

82295 

82302 

82308 

82315 

82321 

82328 

82334 

82341 

666 

8^347 

'o^3S4 

82360 

82367 

82373 

82380 

82387 

32393 

92400  82406! 

667 

824'!^  82419 

82426 

82432 

8243', 

82445 

82452 

8245::  82465  82471! 

568 

82478!  82484 

82491 

82497 

82504 

8251C 

82517 

82523  82530!  82536 

J  69 

675 

82545!  82549 
6-O07  82614 

82556 
82620 

82562 
82627 

02569 
82633 

82575 

82582 

82508  8259^  ^'■^^<^i\ 
82653  826T;i  82666 

82640! 

826-i6 

671 

82672 

82679 

82685 

82692 

82698 

82705  8271 i 

82715  82724I  8273G 

672 

82737 

82743 

82750 

82756 

82763 

82769I 82770 

82782 

82789!  82795 

^73 

S28C2 

828fc8 

82814 

82821 

82827 

828^4!  ^2840 

82847 

82853!  8286c 

674 

82866  S2872 

82879 

82885 

S2892 

82898J  82905 

82911 

8291 0  8292.1I 

67.5 
676 

82930J 82937 
82995J830C1 

82943 
83008 

82950 
83014 

82^.56 
830.C 

02963I  82969 
830271  ^3033 

82975 

82V82J  829_88 

83040^ 

830401  8305^1 

677 

S3 05 9,  83065 

0  5072 

8307'? 

83085 

o30<ji\  83007 

83104'  S3  no;  83x17] 

670 

83113' 83ii(, 

83i3'> 

83142 

83i49 

83155  83x61 

8316R  83174  83I-81J 

679 

83187,83193 

83200 

83206 

83213 

63219  83225 

83232'  83238  8324-; 

680 

83251,  83257 

83264 

83270 

83  27^' 

83383  832^9 

83296  83302  S33  n. 

68i 

83315' 8332) 

8332? 

83334 

S334C 

83347!  8335.? 

83359!  83366I  83372 

68z 

83375.8338:^ 

83391 

83398 

8340J 

83410!  83417 

83423  834^9  8343t 

683 

834;2  83448 

83455 

8m6i 

8346; 

83474;- 8348c 

33487:  83493  83499 

684I  83ro6  b-,51: 

83518 

83525 

83531 

8j537'  ^3544 

^3550   83556  83563 

6851  83369  87573 
t86  8363a  8363^ 

5^3582 

?3:8:> 

^3S';a 

83001'  83607 

83613'  83620!  0362^ 

83645 

i'365 , 

83658 

83664'  83670 

83677.8^6553;  8368c 

687!  83696  83702 

83708 

83715 

83721 

83727;  83734 

83740' -83 74 (^  83753 

688i 

>^37S')   83  7  6< 

85771 

83778J 

8378,' 

83790!  83797 

83S03  83809'  83816 

68D 

83822  83328 

83835 

83841 

83847 

83853  8386G 

S3866  83872)  83879 . 

690 

^3^S5   83891 

23897 

8390^ 

8^910 

839x6,  83923 

83929  ^3:f3';>  83942 

6;i 

83948  8395-. 

83960 

83967 

83  W-, 

83979  83985 

^399^  83998J  84004 

69  z 

8401 I  8401; 

84ce3, 

84  >20' 

84036 

84042  84048 

i'4055  8^061!  84067 

69,: 

84073  8400C 

6. 10b  6; 

84092] 

84098 

84 105'  84 Hi 

S4II7  o.ilj.J  841301 

&94 

84136  o4i42 

84148  8415^^ 

84161 

84167  8^4173 

84180  84186}  84192] 

84242  8'424d  84,:?^: 

6)^5 

84Ig5  84205 

8421 1 :  842 1 -r 

8422,; 

84230.84236 

696 

84261  8426; 

84273  84280 

04280 

8^291  8429? 

84305  84311  8430 J 

697 

84323  8433c 

84336  84342 

3434^" 

&1354  84361 

84367  84373  84371^1 

698 

84386  8439a 

8439S,  84404 

84410 

84417  84423 

74429  8.J 435;  8.'!.:4T 

699 

84J48  84454 

84460  84466 

84473 

84479  8448' 

ZAiA)i  '<j^flA<M  8.150^. 

^i". 

0  I 

I 

a 

^  1 

4 

'  i 

-^l 

7  ^■■ 

8  j 

9     I 
1 
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llsi*.      o  __i a 

701  84571  84578  84584 

70a  84634  846/1.0  84645 

703;  §4696  8470?.;  84708 

,704  84757  84763.  84770 

705;  84819  74825:  84833 

1706 


84380  84887,  ^893 

849^:2   8494§''  84954 

85003,  85009;  85016 

709  8S065'  85071!  85077 

"  85126  8513^1 85132 
85187;  85^93!  8519.. 
8)248;  85254!  85260 

8530^^  853151  853ii 
85370  85376  853r-:2 
85431,  85437  85443 
85491  85497I  85503 
8555 2|  ^'^iiSl  2-564 


710 

IV 
71  i 

714 

;i5 
710 

717 

'71 

719 
720 
721 
72 
•  2 


85612'  85618 
85673:  85679 

85733^  85 73 y 
8^794  85i;oo 
85854^  85^60 
8591^.  85 92c 

85y74i  859^0 
8 603 4 j  80040 
720I  8oorj4{  861CO 
727   86i.''>3;  861J0 


72V 

72> 

730 

73  J 
73^ 

73; 
73-' 
I'- 
/3f 
737 

,  J» 

741 

74'2 


^;6:i3 
86273 
86332 
8v392 
86451 
8651c 
4<'5  7C 
86629 

866881 
'^67.17 
60  806 
86864 
•86923 
8598-. 


556^X9 
8627.; 
86338 
8639,-; 
86^  c  7. 
86516 

lOsjc 
0681? 

868;c 
86920 
8698^ 


.70401  <.7-'4u 
743  S/OyQ.  87105 

[7^4  871-5?!  871% 
[745  87216   879.21 

5,746'  87274  <57i8'" 


r/l  8^. 


3  4  -J 
'84:. 8  84535 
84590  84597 
8465a  84658 
84714  84720 
84776  84782 
84837  =• '8t/ 

84899  04V  . 
84960  84967 
8502*  8502b 
85083  85089 
85144  8515c 
^205  85ZII 
85266  85272 
85327  85333 
85388  8539.; 
85449    85455 

^550'J  85516 
85^520  85576 
85^^oi  85637 
85691  S5697 
85751  8575: 
55813.  8581S 
85072  85878 
85>32^  85938 
85-;y2'.  C5908 
66. S^'  8605^ 
^86112;  86iiS 
'8017I1  86177 
862311862V7 
8629 1 1  86297 
^^6^^\  86"356 
86410!  8641^ 
86469J  8647, 

8652^1  865  3 '; 
86587  86593 
86646  K605 2 
007C.0I  "^7051 J56711 
80759  8676418677c 


85625 
85685 

85745 
85.^06 
85866 
85926 


8598Ci 
86046 
86r^6 
86165 
80225 
86^^  8 


M54» 

8460", 

84665 

84726 

84788 

84850 

849 

84973 

85034 

85095 

85156 

85217 


845 47 j  84553  845 5 y 
84609  84615  84621 


»52y8 

85339 
85400 
85461 
85512 
S5582 


8467  X 

84733 
84794 
84856 
J549I7 
84979 
85040 
85IOI 

85163 

85224 

^5285 

85345 
85406 

85467 

85528 

85.-X^ 


84677   84683 

84739  84745 
848 oo'  840 07 
8£62'  84_8C8 

b4vi4  84930 
8498,-1  84991 
8504'6i  85052 
85 1071  85  H4 
851691  85175 
85230;  85236 
8529X   85"2"^7 


-^ 

8456^ 
8  J  6a} 
846'^* 

8475' 
8481- 
.8487'.' 


1.6344 
86404 
86463 
86522 
86c8i 
8c6^i 


86817!  868231  BC829 


8(,S-6 
5^6935 
86994 
8705-/ 
87111 
S7169 
8 


6o-66->,\  8688fc 
<^694i|86947 
ii6999;  87005 

87050;  07064 
87 M6i  87122 

87175!  87181 


■872861  ^7291187297 
87344   87349  8:355 


1748  J;7390i  ^•7396;  b74c 


jy';  87448  87454?  87460  87466  87471 


87408  874^3 


<o^  87506.  87512I  87518!  87523  8752^: 


!.7>;i:  87./>4:  87^70!  87570!  37581  87587 
biji'.  87622=  87628>  87633187639  87645 
i:.c3  8:/C79'  876851  87691!  «7627i  8770.-; 

]7^4     " 

US'!- 

{756  878.-2'  8.-858'  87864!  8; 869'  87075 
-57  879^^  87915;  87921'  879^7  "7933 
758  87967  8797.;  87978  87984' 87980 
759'  ^8024  880-0  88036  8804T  88047 

jN-,      o     I -^j— 2"  I -3-1-4"- 


^5^43 

85 703 r 
Mi  763 
85824 
85^84 
859.44 
86004 
86064 

ci6l24 
&6183 
86249 
8630;. 
86^6'. 
8C>42i 
064^  J 
8654., 

8659. 
866jc 

8671: 
8677< 
8683' 
8689; 

86;5: 

8701' 

8707' 
87128 
87181 
8724: 

87  -.o"-. 
^736j 

87419 
87477 
875-3.^ 
8759 

0765 
8770^ 


7737.  ^'7743!  87*49  ^/754  8776c 
7:Q^   87800^87806;  87812  8781^ 


8776 

878- 

87881 

8793^' 

879/ 

881  r 


":>•■' -ry 
85709 

y5'/6y 
8503c 
85  890 

86010 

8607c 

86130 

861 

86249 

0630I 

8636S 

86427 

06487 

86546 

8060. 

86*64 

;i0723 

6678 

56841 

86900 

86958 

h-;oi- 

870T5 
87134 
87192 
87251 
87309 
87367 


8535 

85412 

85473 

^^553  4 

^5J94 

856^5 

85715 

85775 

85836 

.85896 

86016 

86076 

861 

st.i: 

86255 

863i_ 
86374 
86433 
8649: 

86552 
86611 
8667c 
6672=, 
8671^8 
•  86847 
86906 
86964 
8702; 


85358 
8541 

85479 
855^0 
!^^r6oo 


*493' 
84f.9: 
8505.'^ 
8512c 
85181 
85242 


67081 
87140 
87198 
87256 
87315 

8743  i 
87489 


3742 
87.(8 

87541I  875 
875991  8760/S 
8 -.65  6'  87662 
877U;  877^c 
87772!  87777 
87829'  87835 
87887I  87892 
87944!  87950 
88coi;  88007 
88058,  88064 
6 


ci56oi 
85721 
85781 
85842 
85902 
85962 
86022 
86082 
86141 
86201 
86261 
86320 
86380 

86439 

86499 

S65 

86617 

86676 

86735 
86-94 
86853 
869 1 1 
86970 
87r 


85303 

85364 

85425 

85485 

85546 

85606 

^5667 

85727 

8578 

8584 

85908 

85968 

80028 

86c 

8614; 

86207 

86267 

86326 

8038 

86445 

86505 

86564 

86623 

86682 

86741 

868c 

86859 

86917 

86y76 

87093 

87I5I 

87210 

87268 

87326 
87384 


67067 
87146 
87204 
87262 

87320 
87379 
87*437 
87495,   . 

5?/'552  87558 
87610  87616 
87668.  87674 


3744- 
87500 


87726 

87783 
87841 

87898 

87955 


87731 

87789 
87846 
87904 
«796i 


g:<ci3|  88018 
88070  80076 
"8    l~f 


TABLE  or  LOGARITHMIC  NUMBERS.        6g 


760 
761 
762 
763 

764 
765 
766 
767 
768 
769 
770 

U} 
772 

773 
774 
775 
776 

777 
778 

779 
7Sc 
781 
782 
783 
784 
785 
786 
787 
788 
789 

790 

791 

79 

793 

794 

121 

796 

797 
798 
799 

■800 


O     _I 

¥^581  8808^7 
88138  88144 
88195  88201 
88252  88258 
88309  88515 
88366  88.^23 

88423  88429 
88480  88485 
88536  88542 
8859.?  8^598 
88649  ^865^ 
88705  887II 
88702  88767 

88818  8882J 
88874  888&0 
88930  88936 
88986  88992 

890^?/  89048 
8909^  8yi04 

89J54I 89159 
89209.;  89215 


89265 
89321 

89376 


89432 
89487 
89542 
89597 

89653 

89708' 

89763 
89818 

89873 
89927 
89982 

90037 

90091 
90146 
9020c 
90255 

8£f  95363 
8oi|  90417 


803 
804 

2:^5 
806 
807 


90472 
905  26 
905  80 
90633 
90687 
So^l  90741 

9079. 
90848 
90902 


8  . 
810 
hi 


812  90956 
813 


§ 


009 
4!  91062 
8151  91116 
8i6i  91169 
817'  91222 
818  9^*75 


91068 
91121 

911/4 
91228 
,^.9128 
819  91328:91334 


89271 
89326 
89382 

8943; 
8949a 
89548 
8960^ 
89698 
8^713 


88"o^ 
88150 
88207 
00264 
88321 
88377 


8^8:^3^ 
88491 

88547 
88604 

8866c 

o8_7i7 

88773 
88820 


88941 
88997 
89053 
89109 
89165 
89221 
89276 
89332 
89387 


88098'  88105! 
88156,  88161 
8821^  88^18 
882,0;  88275 
88^26  S8332 
88383'  U3]>) 

ss:^3'  88446 
88497  88502 

>i'^3S3^  88559 
88610J  88615 
886661  88672 
88722I  88728 
88779!  88784 
88835!  88840 
88891  888^7 
88947I  ^'^953 
89003:  89009 
89059  89064 
891 15  89120 


89443  89448 
894981  89504 


89176 
89232 
8928; 
89343 
8939^ 


89  7  08 

89823 

09878 
89933 
89^68 

90097 
90151 
90230 
90260 

903  i-^ 
90369 

90423 
90477 
90531 
';c585 
90639 
90093 

-;o747 

90800 

90854 

90907 

9096 

91014 


89170 
89226 
89282 
89337 

^93'^3   

89454 

^■,^yu,    -^.-,  89509 

89553  895591  89564 

'   '     896141  89620 

39669I  89675 


89609 
89664 

»9774 
89829 
89883 
89938 

89993  . . . 

900481  90053 

90102!  90108 
9015  7!  90162 
90211  "^0217 
9C266[-^027i 

90320I90325 
903  74]!  903  00 


90428 
90482 
90536 
90590 
90644 


90434 
9048  s 
90542 
90596 
90650 


906981  90703 
90752'  90757 
90806,  90811 
90859  90865 
90913,  90918 
90966:  9O972 

yl020;.  91025 

9x"^3!  91078 
91126  9113- 
91180  91185 
912331 91^38 
91286,  912191 
9J^i,  ^^344 

'2  ;    3 


-^       6       7 

8.ir.o  ^aii6  88i2i 
88167  88173  88178 
88224  88230  88235 
58i8i  88287  88292 
88338  88,-43,  88349 
883.)  5  88400^  88406 
88451  88457!  88^ 
88fo8'  88513  883 19 
98564,  88570^  88576 
886t.i  88627  88632 
88677!  88683'  88689 
88734! 88739  88746 


89724':  89730 

89799:89785 

89834  89840 

898891  89894 

89944  89949 

89998  90004 

90059 

90113 

90168 

90222 

90276 

90331 

90385 

90439 
90493 
90547 
9o6c>i 

90655 
90709 

90763 
90810 
90870 
90923 

90977 
91030 

91084 

91137 
91190 

91243 
91297 

4 


88790 
88846 
88902 
88958 
89014 
89070 
89126 
8918^ 
89237 
89293 
89348 
89404 

89459 
89515 
89570 
89(^5 
89680 
%735 
89790 

8V845 
8^900 

89955 
90009 
9^64 

9011^ 

9017 

9022 

90282 

90336 

9039c 

90444 


887951  88801 
88852!  88857 
88908  88913 


88964 
89020 
89076 


89131 
89187 


88969 
89025 
89081 


89137 
89193 


89243  89248 
8929b  89304 


89354 
89409 


89405 
89520 

89575 
89631 
896^6 
89741 
8979I 
898JI 
89905 
89960 
90015 
90069 


89360 
89415 


90124 

90179 
90233 
90287 
90342 
90396 

9045  c 


90499^  90504 
90553;  90558 
90607  90612 
90660  90666 
90714'  90725 

90768!  90  7'73 
90822  90827 
901^75'  90881 
90929  90934 
90982  90988 
9IC36  91041 
91089  91094 
91142!  91148 
91196  91201 
91249  91254 
91302  91307 
9^355   91360 


8947c 

895^6 

89  3  Si 

89636 

8969 

89746 

89801 

69856 

89911 

89966 

900x0 

95075 

901^9 

90184 

90238 

9029 

9034 

90402 

90455 
90509 

90563 

90617 

90671 

90725 

90779 

90832 

9088 

90940 

90993 

91046 


88127 
88184 
88241 

88298 

88355 
88412 

88468 

88525 
88581 
88638 
8869^ 
887S0 


88^07 
88863 
88919 
8897, 
89031 
8908, 


89143 
89198 
8925.: 
8931- 
89365 
8942  = 
89..,  6 

89532 
89586 
89642 
89697 
8975 


89807 

89«62 

89916 

8997 

90026 

90080 


8«I33 
88190 
88247 
88304 
88360 
88417 

88474 
88*^30 
88"787 
88643 
88700 
88756 
888T2 
88868 
88925 
88981 
89037 
89^92 
89148 
89204 
8926c 
89315 
89371 
86426 


89461 
8953; 
89';92 
89647 
89702 

8^7J_7 
89812 
89867 
89922 

89977 
90031 
90086 


91100 

91153 
91206 
91259 
91312 
91365 
7 


90135 
90188 
90244 
90298 
90352 
90407 
90461 

90515 
90569 
90623 

90677 
90730 

90784 
90838 
90891 
90945 
90998 
91052 

91105 
91158 
91212 
91265 
91318 
91371 


9014c 

90195 
90249 
90304 
9034I 
90412 

90466 

9052c 

9057 

90622 

9068 

90736 

90789 

90843 
90897 
9095c 
91004 
91057 
91110 
91164 
91217 
91270 
91323 
9i.376 

9" 
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iN^.r'o ' 

I 

2  1   3  1   4  .|   5  :.  6 

7  .   8   i   9  1 

bZC 

91381 

91387 

913921  9J397t  9^403 

91408  91413 

91418  91424 

91429 

821 

91434 

91440 

91445  91450 

91455 

91461  91466 

91471'9I477 

91482 

822 

9148^ 

91492 

91498  91503 

91508 

91514  91519 

91524  91529 

91535 

{'z; 

91540 

91545 

91551  91556 

91561 

,91566;  91572 

91 W7  91582 

91587 

^2^ 

91593 

91598 

91603  91609 

91614 

9 1 619  91624 

91630  91635 

91640 

82^< 
826 

91645 
91698 

91651 

9^70!^ 

91656  91601 

91700  91 714 

91666 
91719 

91672  91677 
91724  9173c 

91682  01687 
91735  91740 

91693 

91745 

8.27 

91751 

91756 

9176:1 91766 

91772 

91777191782 

91787 

91793 

91798 

82!t 

91803 

91008 

9x81^ 

91819 

91824 

91829  91834 

91840 

91845 

91850 

829 

91855 

91861 

91866 

91871 

91876 

91882!  91^87 

91892 

91897 

91903 

83- 

91908 

919^3 

91918 

91923 

919^9 

91934;  91939 

91944 

91950 

91955 

83i 

91960 

9Tfi6'; 

i-r- — ■ 

91971 

21^2'^ 

91981; 

91986I  91991 
92038J  92044 

9i997 

92002 

92007 

S3^^ 

92012 

4201  d 

92023 

92028 

92033 

92049 

92054 

92059 

833 

92C64 

92070 

92075 

92080 

92085 

920911  92096 

92101 

92106 

92111 

834 

92117 

92122 

92127 

92132 

92137 

92143  92148 

92153 

92158 

92163 

S3< 

92i6<, 

92174 

92179 

92184 

92189 

92195!  92200 

92205 

92210 

92215 

836 

9222; 

92226 

92231 

92236 

92241 

92247I  92252 

92257 

92262 

92267 

83; 

92273 

922-8 
92330 

^2283 
9^335 

92_z88 
92^340 

92293 

922981  92304 
92350!  92355 

92309 
92361 

92314 

92366 

92319 
9237^ 

92345 

835 

92376 

92381 

92387 

92392 

92397 

92402 

92407 

92412 

92418 

92425 

^:4<^ 

9242?) 

92433 

92438 

92443 

92449 

92454 

92459 

92464 
92516 

92469 

92474 

841 

9248c 

92485 

92490 

92495 

92502 

92505 

92511 

92521 

92526 

842 

92531 

92536 

.92542 

92547 

92552 

92557 

92562 

92567 

92572 

92578 

842 

844 

92583 
92634 

92588 
92639 

92593 

92645 

9,2^598 
9*650 

92603 
92655 

92609 
92660 

92614 
92665 

92619 

92670 

92624 
92674 

92629 

92681 

84.S 

92686 

92691 

92696 

9270; 

92706 

927 1 1 

92716 

92722 

92727 

92732 

846 

9-737 

92742 

92747 

92752 

92758 

92763 

92768 

92775 

92778 

92783 

847 

92788 

92793 

92799 

92804 

92809 

92814 

92819 

92824 

92829 

92834 

848 

92840 

92845 

92850 

92855 

92860 

92865 

928-0 

92875 

92881 

92S86 

849 

9^yT 

9^96 

92901 

92906 

92^11 

029T6 

92921 

92927 

92932 

92927 

i>5o 

92942 

92:?47 

92952 

92957 

92962 

92967 

92975 

•92978 

92983 

929^8 

'^51 

92993 

92998 

93003 

93008 

93013 

93018 

93024 

93029 

93034 

93039 

8,92 

93044 

93049 

93054 

93059 

93064 

93069 

93075 

93080 

93085 

93090 

l^^ 

93095 

93100 

93105 

93110 

93115 

93120 

93125 

93131 

93136 

93141 

^54 

93146 

93I5T 

93J56 

93161 

9316. 

93171 

93176 

93181 

93186 

93192 

>k6 

93247 

932JD2 

93252 

>'3^7 
93257 

93212 
93263 

93217 
9326.^ 

93222 

93227 
93278 

93232 
93283 

93237 
93286 

93242 

93273 

93293 

■^57 

93298 

9.>303 

93308 

93313 

93318 

93323 

93328 

95334  93339 

9334  + 

858 

93349 

93354 

93359 

93,364 

93369 

93374 

93379 

93384'  933^9 

93394 

859 

9339'; 

93404 

93409 

93414 

93420 

93425 

934io 

93435  93440 

93445 

860 

93450 

93454 

9346c 

93465 

93470 

93475 

93480 

93485 

93490 

93495 

861 

935CO 

9350^ 

935 10 

935^5 

■;3'^2o 

93526 

93531 

93536 

93541 

9154^ 



862 

93551 

935  S(> 

93561 

935  6uj  VJ57J 

93576 

93581 

?»3586:  93591 

93596 

86^ 

93601 

93606 

9361 1 

93616 

93621 

93626 

93631 

93630!  93641 

93646 

864 

93^51 

93656 

.93661 

93666 

93671 

93676 

93682 

93687;  93692 

93697 

86  j 

93702 

93707 

"93712 

937  J  7 

93722 

^93727 

93732;  93737'  93742 

93747 

866 

93752  93757 

93762 

93767 

93-72 

93777 

t)3782  93787  93792 

93797 

867 

93802!  9380; 

93812 

93817 

93822 

93827 

93832  93837.  93842 

93847 

868 

93832!  938.57 

93862 

■93867 

93872 

Jj,^]7   93882  93887.9:^92 

93897 

869 

93902I  93907 

93912 

93917 

93922 

93927  93932  93937   93942 

93,'*  7 

87c 

93952]  93957 

93962 

93967 

93972 

9397  7  93982  9,39-7  93992 

9399^ 

c^* 

94002  94C)0  7 

94012 

94017 

94022 

94027  94032  94037.  94042 

9404: 

872 

94052  94037 

94062 

94067 

94072 

94077  94082  94086  94091 

.94096 

873 

94IC1I  Q4ic6 

94111 

94116 

94121 

9.1126  94131  9.1136  94141 

9J2_£' 

874 

.94151I  94"i56 

94161 

94166J  94171 

94176194181  94186  94191 

,94196 

^75 

942CII  94206 

9^211 

9.4216 

94221 

94226}  94231  94236  9'{240 

94245 

87; 

9425c 

94255 

9426c 

94^^65 

.94270 

9-5275  94280  94285  94290 

94295 

87} 

94300 

94305 

94310 

94315 

94320 

94325  94330  94335  >''-34o 

94344 

878 

94349 

94354 

94359 

94364 

9*^^9 

94374  94379  94384  94389:  943^4 

879 

94399 

94404 

94409;  94414 

94419 

94424I  94428  94433  94438:94443 

0  )   X 

2 

3 

4 

5     6  i   7  1   8     9 
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N 

hfyO 

nj 

184 

885 

^6 

887 

888 
889 
890 
891 
?.g2 

^93 
894 

896 

897 

898 

899 

900 
901 
902 

904 

90s 

906 

907 
908 

905 

yio 
9H 
912 

914 
915 

VI 6 
917 
918 
919 
920 
921 
922 

9^0 
924 

9^5 

9261 

9-7I 

92  6| 
929 

92^ 
93T 
932 
9Jl 
934 
935 
9J6{ 
937! 
93B 
939 


94448  94453 
94498  94503 
94547J  94552 
94596  94601 
94645!  9465c 


94694^ 
9474^; 

947921 
94841 
94890 

94939 

94988 


94699 
94748 
94797 
94846 
94895 
94945 

94993 

95036  95041 
95085  95090 
95134  95139 
9518a  95^^7 
95231  95236 
95279  95284 
95328  95332 
95376  953ST 
95424  95429 
95472  9547; 
95521  955^5 
95569  95524 
95617  95622 
95665  95670 
95713  95718 
95761  95766 
95809  95813 
958,56  95^-61 

95904  95909 
95952  95957 
9.<999  96.04 
96047  96052 
96095  96099 
96142  96147 
96190  96194 
96237  96242 
96284  96289 
96332  96336 
96379  96383 
96426  96431 

96473  96478 
96520  96525 
96567  9657^ 
96614  96619 
96661  96666 
96708  96713 

96755  96759 
96802  96806 
96848  96853 
96895  9690c 
96942  96946 
96^88  96993 

97035;  97039 
i}^o8i  97086 
97128  97132 
97174-  97179 
97220  97225 
97267  97-i7i 
o 


2  3 

'>4458  94463 
94507  94512 
945571  94562 
94606  9461,1 
94655^  9466c 
04704  9490 

94753,  V477€ 
94802!  94807 
948511  \/4^3t 
94900J  94905 
94949  94954 
94998;  95002 
95046}  95051 
9509S\  95 IOC 


95143 
9519- 
95240 
95_289 

95337 
95386 
95434 
95482 

95530 

955?! 
95626 
95674 
95722 
95770 
Q58i8 
9586^ 

95914 
95961 
96x109 


95148 
9519/ 
95245 
25295 
95342 
95390 
95439 
9548; 

95535 
9J583 
95631 
95679 
95727 
95775 
95823 

95871 
95918 
95966 
96014 


96057  96061 
961041  96109 
9615^'  96x56 

96199  9.M-^4 
96246  96251 
96294I  96298 
96341!  9^^346 
96388;  96393 
96435;  9C)44o 
96483!  yo^o; 

96530  96534 


96577 

96624 

96670 
96717 
96764 
968II 
96858 
96904 
96951 
96997 
97044 
97090 


96581 
96628 

96675 

96722 

96769 
96816 
96862 
96909 
96956 

9  7002 

97049 
9709$ 


97137  97141; 
97183J  97188^ 
972jo|  97234' 
97276  97280 


94468 
94517 
94567 
94616 
94665 
94714 
94763 
74812 
94861 
94910 

94959 

95007 

95056 
95*105 

95153 
95202 
95250 
95299 
9534  7 
95395 
95444 
95492 
9554; 
95585" 
95636 
95684 
9573^ 
95780 
938i8 
95875 
95923 
95971 
96019 
96066 
96114 
96161 
96209 
962,6 
96303 
96350 
96398 
964^*5 
96492 

96539 

96586 

96633 
96680 
967^27 

96774 
9682c 
96867 
96914 
9696c 
97007 

97053 
97100 
9714^' 
97192 
97239 
97285 


944  !'3' 
94522,. 
9457I; 
9462I' 
94670! 
94719' 
947681 
94817 
94866 
94915 
94963 
95012 


95061 
9510*,^ 
95158 
95207 
95^-55 
95  3'^' 3 


94478 
94527 
94576 
94626 
94675 

2f- 

94; 

94822 

94871 

94919 

94968 

9501 


9535 

95400 

95448 

95497 

95545 

955^93 

956^41 

95689 

95737 
957^5 
95832 
9588c 
95928 

95970 

96023 

96071 

96118 

96166 

9^213 

9626 

9'''3o8 

96355 

96402 

9645c 

96497 
96544 
96iC9i 

966^,8 
96685 
96731 
96778 
96825 
96872 
969181 
969651 
970111 

97058: 
97104! 
97151' 
97197'. 
97243 
97290 


95066 
95i"i4 
95163 
95211 

95260 
95308 

9.5357 
95405 
95453 
95501 
95550 

95646 
95694 
95742 
95789 
95837 
95SSS 


95933 
95v8o 
96028 
96076 
96123 
96171 
962 18, 
96265 
96313 
96360J 
■/.4C,| 

96454: 


96501,' 
96548 

9 ''5  95 1 
966421 
96689' 
96736! 

96783' 
96830! 
96876 
96923' 
96970 
9i5:i6 
97063 
97109 

97155' 
97202 
97248 
92.294 
6  ^1 


94483^94488 

;94532;  94537 
94581  94586 
94630  94635 
9.1 6S0  94685 
94729  94734 
94778  9478I 
94827!  94832 
94876'  94880 
94924  94929 
94973;  94978 

6jC22  95027 
95071    95075 

95 1 19  95124 
95168"  95173: 

95216,  95221. 

95265^95270' 

95313  95 3} §^ 
95^61,  95366I 
95410;  95415I 
95458;  954631 
95506.95511 
95554-  95559 
95602'  95607 
95650;  95655 
95698  95703 
95746^  95751 
95794]  95799 
95842!  9  " 
95890;  95896 

9593^^  95942 
959851  95990 
96033.  96038 
96080'  96085 
961 1'^^  96133 
96x7;^}  96:80 
96223,  90227 
96270:  9627^ 
96317^  96322 
963651  96369 
96412;  96417 
96459'  96464 
96506:  96511 
96553,  96558 
96600:  96605 
9664  7!  96652 
966041  96699 
96741'!  96745 
967881  96792 
968  V'}  968  V9 
9688t]  9;8S6 
969-^81  9693a 
969741  96979 

22211 
97067 


971T4 
97160 

97206 
97253 

9729g 
7 


97025 
97072 
97118 
97165 
97211 
97^57 
97304 
8~ 


94493 
94542 

94591 
94640 
94689 
94738 

94787 

9483 

94885 

94934 
94583 
95032 
95080 
95129 
95177 
95226 
95274 

95371 
95419 
95468 
95516 
9556 
9561 


9566c 
95708 

9575^ 
9^804 
9585 
95899 


95947 
95995 

96042 
96090 
96137 
96185 


96232 
96280 

^6327 
96374 
96421 
9646 


96515 
96562 
96609 
96656 

96703 
06750 


96797 
96844 
9689c 
96937 
96984 
9^7030 

97077 
97123 
97169 
97216 
97262 
9730t 
9 
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940 
941 
94» 
943 
944 
945 
946 
947 
948 
949 
950 
951 
95z 
953 


97313 

97359 
974C5 

97451 
97497 
97543 


97^89 

97^Si 

977»7 
9111% 
97818 
97864 
97909 

95 4|  97955 

955  98000 

956  98046 
9?7i  98091 

938,  98137 
959'  98182 
960,  98217 
9611  98272 
96z'  98318 
;63!  98363 
9840? 
98453 
98498 
98543 
985  88 
986.;  i 
986^ 
98722 
987671 
98811 
988J6 
98000 


964 

965 
966 
967 
968 

970 
971 

97a 

9U 
974 
;75 
;76 
,>77 

;78 

y79 

9S0 


87317 
9736/ 
9741^ 
97456 

97502 
97548 

97594 
9764(; 
9768J 
97731 
9777} 
978.'., 


9.^ 
97914 

97"59 
98005 
98050 
98096 
98141 
98i8{ 
98232 

98^77 
98322 
98367 
98412 
9845; 
98502 
98547 

98592 
9863 


98945 
98989 
99034 
99078 

981.  99167 
982^  99211 

9^3;  99255 
984  99300 
)^S''  99344 
(,j86  99.s88 

98/  fmz 

9£8  99470 
989;  9952c 
990  99564 
991:  996c-/ 
992  99651 
Q93:  9969> 
994[  9973',' 
9951  9978i 
996  9982^. 
9971  9987c 
.;98j  9991; 

99919995; 
N°.l  ■  o 


9868 
98726 
98771 
98816 

9S860 
98905 


98949 
989^^4 
99038 
99083 
99127 
99171 
99216 
99260 
99304 
99348 
99392 
99436 
99480 
99524 
995-8 
99612 


9732*:  973*7 
97368;  97373 
97414I  97419 
97460I  97465 
97506j  975ii 
97552  97557 
97598  97603 


97644 
97690 
97736 
97781 
97827 

97873 
97918 
97964 
98009 
98055 
98100 

9'8i46 
98191 
98236 
98281 


9764 

9769.. 

97740 

97786 

9783'^ 

9787'7 

97923 

97968 

98014 

980/.; 

98105 

98150 

98195 
98241 
98286 


98327:98331 


9"37^2 
98417 
98462 
98507 
9^552 

98597 
9^641 

9'%86 
9873  i 
98776 
98810 
988^5 
98909 

98998^ 


983^2^ 
98421 
9846c 
98511 
98556 
98601 
98646 
98^1 
98735 
98780 
98825 
98869 
98014 


97331 
9737 


97424. 9'4»8 


9-470 
97516 
9756a 


5 

97336 

97382 


97'>07 

97653 
97699 

97745 
97791 
0:836 
97882I  97886 
97928  97932 


974/4 
97520 
97566 
97612 
97658 
97704 
97749 
97795 
97841 


97973 
98019 
98064 
98109 

98^75 , 
98200 
9824.5 
982^0 
98336 
9^381 
98426 
98471 
98516 
98561 
986&5 
98650 

98695 
98740 
98784 
98829 
9^-5874 
98918 

9S96, 


9:'978 
98023 
9^>o6;^ 
98114 


99003  99007 
99043!  99047|  99052 
99087:  990;2|  99096 
99J3ii  99136'  99140 
99176  '^,-'8o|  99185 


98159 

98204 
98250 
98295 
98340 
9838 

98430 
98475 
98  T  20 
9856-: 
9";6io 

98655 

98700 

98744 
98^89 
98834 
98878 
98923 

98967 
99012 
99056 

99100 
99145 

9_9i89 
99233 


9935^ 
9v3y6 

99441 


99484 
995  i8 
9957^ 
.  ,9/1"^ 

99656  99660 

99^P9|  99 /04 

99743;  9974:' 
99787 1  99791 
9..830;  99835 
99874:  9  878 
99917'  99922 
99961'  99965 
I     % 


99220  9y224i  9922y 

99264I  99269;  99^731  99277 
99308  99313I  99317  993^2 
993571  99361  99366J 
9940i|  99405!  99410 
994451  99449!  994 J4 
99489I  994931  9^498: 
99533;  9953  7[  99542| 
99577  995 <'>ii  99585: 
99621  996251  99629 
99664'  996^^;l  99673 
99708  9^712]  99717 
99752'  997.^6j  99760' 
99795;  9'^'^^  99804 

9i^:^~).  99843 1  99848 

99883;  99'^i^7|  99891 
99926,  9'^93c  ^m^s 


97400 
97447 
9749* 
9'IS}><) 
97584 


^>  7  ,  ^  I  .9 
97340  973451  97350  97354 
9  •387,  973911  97396 
97433;  974371  97442 
97479' 97483,  97488 
97525!  97529  97534 
97571:  97575J  97580 
976171  976211  97626 
97663!  97667  97672 
977o8i  97713!  97717 
97754;  97759  97763 
97800  97804-  97809 
97^845!  97850,  97855 
97*591!  97896J  9"^790u 
97937  9794t  97946 


97982 
9S028 
98073 
98118 


97987 
980^2 
98078 
98123 


98168 
98214 
98259 
98304 
98349 
98394 
98439 


9848 
98529 

98575 
98619 
9866 
08708 


98164 
98209 

9^^254 

98299 

98345 
9839c 

98435 
9848c 

98525 

9857^ 

9^>6i4 
98659 
98704I 
98749;  9875.. 
98793  98798 
988; 8  9884? 
98883  98887 
98927  <^-9l]: 
98972  98970 
99016  99021 
99061  99065 
99106  99100 
99149  99154 
99193  99198 
99 ''38  99242 
99282  y9286 


97630 

97676 

97722 

97768 

978 

9785g 


97991 
98037 

98082 
98127 

98173. 

98218 

98263 

98308 

98354 

98399 

98444! 

98489 

98534 

98579 

9862^ 

98668 

987 

98758 

98802 

98847 

9S892 

98936 

99025 
99069 


919^5 
97950 
97996 
98041 
98087 
98132; 

98177 
98223 
98268 
98313 
98358 
98403 
98448 
98493 
98538 
98583 
98628 
98673 


98717 
98762 
98807 
9B851 
98896 


98985 
99029 
99074 
99118 

99158J  99162 
992021  99207 

99247!  ^■^'9'^^^  ^ 
99291  99295 

99326   993301  p^3_:j    9933y 

99370  99:,74' 
9A'4  994 J 9.  99423 
9_9-'58  994 O 2  99467 

99502,  99J  06  995 IX 
99546;  99550  (j^iss 
99590  99594  9'^599 
99634  99638  99642 
99677  99683  99686 
96721  99725,  99730 
99:65  99769;  99774 
9'^8o8  99813  9981', 


9y972  9V974 
3     .      4 


92928 

^  i 


99852  99856;  99861 
99896  99^00  99904 
99939  99943''  99948 
99^83  99^87  <jj92I 

6  i  7  I  8 


1'  99379  9938: 
99427 
99471 
995^5 
99559 
99603 
99647 
99691 
99734 

99778 
998*2 


^.—p*^* 


99005 
99V09 
99952 
99996 


■I 


Deg.")    Table  of  Logaritlimic  Sines,  &c. 
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M|    Sine 

o'o.oooco 

1 6.46373 

36.9408  c 
47.06579 
57.16270 
67.24188 

8^7.36687. 
9V-4X797 

107.46373 
7-50512 
12  7.^4295 


i3i7o7767 

14  7.60985 

15  7.63982 
i6  7.66784 
177.69417 
18  7.7190C 

9  7-74248 
207-76475 
21, 7- 7^594 
22. 7.806^5 
^3*  7- 825  45 
24'7-84393 
Z5  7.86r6'6 

,6.7,87870; 

.7*7.89509 
28.7.910S8 
29*7. 9261a 
3P|  7_94£84 
:,  1*7.95  5  08, 
3.2[7.96887 
3-3.;7.98223 
34'7- 99520 
35 18.007  79 
^,648.02002 


Co-fine    Tanp^. 


I  o.ocooo  0.00000 
lo.occoo  6.463  73 

lO.OOOGO  6.76476 

10.000006.94085 
10,000007.06579 
lo.oocoo  7.16270 
loocooo  7.24188 


Co-tal 


Inunitc 

13-53627 

i3-'»3524 

13.05915 
12.93421 

12.83730 
12.75812 


ro.ooooo  7.3c8«2ji2.69ny 

ro.ooooo  7.36682I12.63318  10.00000112.6331819.43260 
10.00000  7.41797112.58203  icoocool  12.5820319.53491 
io.ooooo7.46373ii2-5362  7]io.ocooo[i2.53627;9.6264 
lo.oooooj  1 2.494  88^9.7092 1 
ro.ooooo!  12.45709*9.7  8478 


ro.ooooo  7  50512 
X  0.000007. 5429 1 

10.0000017.577^7, 
io.ooooc{7.6o986 
10.00000  7-63982 
10.0000017.66785 
9-999997-694i'8 
_9-V9999  7.71900 
9.9999917.7^248 
9.999997.76476 
9.99999I7.78595 
9.99999 


12.49488 
12.45709 
12.42233 
12.3901 
12.36018 
12.33215 
12.30582  10.00001 
12.28100  10.00001 


12.25752 
12.23524 
12.21405 
;6i5jI2.I9384 
9.99999^7.82546  12.17454 
9. 999997. 84394(1 2.15606 

9.999997.8616; 

9-99999[7  87871 

9-99999  7.89510 

9-99999;7-9io89 

9.99998J7.926 

9.99998J7.94C86 

9.999987.95510 

9  99998  7.96889 

9.99998.7.98225 

9.99998  7.995.22 

9.999988.0078 


9.90QQ8  8,02004 


3-75.303192 
38J8.04350 
398.05478 
46S<.c657S 
4J  8.07650 
4218.08696 

43  ^'-09718 
44«S.]07l7 
45J8-II693 
8 12647 
8.13581 
8.14495 

8.15391 
8.16268 
17128 
8.17971 
:.i'>9,8 
.iq6io 


9.99997.6.0319.; 
9.9999  ;!3.04353 
9  99997j8  0548J 
9.999978.06581 
9.999973.07653 
9- 9999 '(8.08700 
9.99997J8.09722 
9.999968  1072c 
9.999968.11696 
9.999968.12651 
9.9999618.13585 
9  90996',8. 14500 


9.99996I6.15395 
9-95995,8.i6273 

9-99995'8.i7i33 
9.99995817976 

9.99995;8.i88o4 
9-99995,8.19616 


«. 20407 
821189 
'.21958 
8.22713 
_ ,  8.23456 
60:8.24186 


*Co-i;ne 


9.9999-*  b.  204 13 
9.99994I8.21195 
9.99994  S.21964 
9.99994,8.22719 
9  9999*^18-23462 


12.1383: 
12.12129 
12.10490 

12.0891 

12.07387 

12.05914 


12.04490 

12.03111 

12.0177 

12.C0478 

11-99219 

"•97995 

1196^05 

11.95647 

11.94519 

11.93419 

11.9234 

11.91300 


n. 90278 
11.89280 
11.88304 
11.87349 
11.86415 
II  85500 
1 1.8460 ! 
11.83-27 
ii.82867 
11.82024 
1 1.8 1 196 
11.80384 


11-79587 
11.78805 
11.78035 
11.77280 
11-7653 


becant      C'o-l«.-c. 

10.00000  Ititinite 
10.00000' 13.53627J7. 62642 
io.ooooo|i3.23524'8. 22848 
ro.ooooo  13-059 15  8.5  8066 
io.oooco|i2.9342i:8.83054 

10.000001  1 2.83  73o''9.02436 
lo.ooooo'i  2. 75  81 219.18272 
10.00000  12.6911819.31602 


5.0000C 
4.99987 

4-99975 
4.99962 

4-99949 

4-99937 
499924 


10.00000 
1  o.ocooo 
10.00000 

1  o.ocooo 


10.  CO  OCX 

10.  coco  I 
10.00001 
10.00001 

lO.OCOOI 
lO.OCOCI 


lO.OCOOI 
I0.00007 
lO.OCOCI 
lO.OOCOI 

10.00002 

10  OC002 


u.  00002 

10.00002 
10.00002 
10.00002 

10.00002 

10.0000  a 


10.00003 
IO.CC003 
IO.OOC03 
10.00003 
r  0.00003 
10.00003 


12.42233*985431 

12.39015  9.91 868 

12.36018:9.97860 
12.33216,0.03466 

i^-3058310.08732 

12,28100^.13697 

12.25752.0.1839. 

12.23525lo.22r 

12.21406:0.27086 

12.1938510.31127 

12174551^.34988 

i2.r56o7;o.38< 


OG 

59 
5^ 
57 


4-999II 

4.99899 
4.99886 
4.99873 
4.99861 
^,99848 


55 
5A 

53 
>'52 
5-1 
50 
4p 
4i 


12.13834JO.42230 

12.121300,45637 

i2.i049i|o.4Jf9i 

12.089120.52074 

12.07388^0.55122 

T2.059i6fo.c8o66 


1 2.0449  :to.ooi94 
12.031130.63672 
12.017771.0.66345 
i2.oo4:h|j  68938 

II.9922I;0.7l45i; 

ii-97998>02390^" 
ii.968c8l'o.  76282 
11.956500.78598 


11.94522 
11.93422 


11.923500.85198 
11.9 1 3D3  0.8729 


0.80845 
0.8305!^ 


10.00003 
10.00004 

lO.OOOO.J 

ro.00004 
10.00004 


ii.9028:|C.i;933; 
11  8928.-,!o.9i335 
1i.88307r.9338/ 

"•873530-95193 
I  r. 8641 950.9  706 1 


ro.00004  II. 8550510.95! 


10.00004  11.8460911  00681 
10.00005JI1.83732J1. 02435 
ro.000051i1.82872lr.04r5; 
10.00005,11.8202511.058/:: 
1 0.00005!  II. 8 1 2021 1.0  749; 
ro.00005  11.80390U.09T2C 


10.00006  11-79593P1.1071'.': 
io.o.occ6ii.788ii[r.i227i, 
iaoooo6:ii.78o42Ci. 1^816 
10.00006  11.77287  1.1532: 
1000006  11.76544:1.1681: 


9.99993  8.24192  11.75808-10.00007  11.75814^1.18271 
•tine     tCo-t.  n.l'anjjent'  Co-lec.     ticc^inr    ~ 


4.99835 
4-99823 
99810 
4^99797  44 
^•09785'43 
4.9977242 

4-9975941 
4-9974740 
4.9973439 
4-99721:38 
4-99708)37 
4  99696' :i6 

4.9968313! 
4.9967034^ 
4.9965833 
4-99645132 
+-99632I31 
4.99619^0 


4-996o7;29 
4-99594:28 
4-99581I27 
4-99568*26 

4-99556-25 
4-99543!24 


4-09530 


23 


1-99517(22 
4.99504 
99492 

4-99479  19 
4.99466|i8 

4-99453ii7 
4.99441(16 
4.99-^28 

4.99415 
4.99402 
4-99389 


4.99377 
4.99364 

4  99.^1 
4-99338 
4-9932.< 
1.0^31--, 


^930 
t.9928; 
1.9927. 
4.9926] 

4.99  24^ 
1.992  ^' 


5; 


m| 


(89  Deg- 
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Table  of  Logarithmic 


(i  Deg.) 


Mf 


o!8.2 


Co-fiiie,  T^n-r.    Co-ran(r|  Secant 
9.9999;!  8.24 !.;2  1 1.75808. 1 0.0000c 


1|8  24';03  9.99993^.24910  1 1.75090' 10.00007 
2J8. 25609  9-9999.48  25616  Ii.74.l84;io.oooo7 
318.26304  9-99993!8.?-6?i2  ir.73688<io.oooo- 
4^8.26988  9.99902'8. 26906  II. 73004' 10-00008 
5,:8.2766t  9.99992'S.2 7669  II. 72331^10.0000? 
6j8.28324  9  99992(^.2'''-, ■? 2  Ii.''i668  10.00008 


I  ,_ 

13' 8.3 2 702 9  9999o:-8.32/.ii 
^^^•.'5.3292  9-9999o'8.33302 
^.i^-,^.3875  9-99990,8  3388^ 
x6||8.3445o9-99989'8  34461 
l7;8.3coi8  9-99989  8  35029 
18:8.37^780^292^-8.3^:^90 


758.28977  9  99992_.8.i--,9s6  ii.7io^4'Ooooo8 

8j  8.29621  9.99991^8.29629  11-70371:10.00009 

9(8.30255  9.99991I8.30263  ir.69737fio.oooo9 

iOj8  30879  9-9999i?8.3c8?8  11.69112110.00009 

Iif8.3i495  9-99991  8.31505!! i.'68495|io.cooo9 

"i8.32To^  9-99QQo8.32ir2JiTjJ788's.io.oooio 

~    "    ~  17.07289^10.00010 

11.66693^10.0^.010 

11.66114  IC.OOOIO 

11.65539.10.00011 

11.64971*10.00011 

ii.644XO'io.oooii 

H.6j857'.io.o90ii 

ri.63311' 10.0001 2 

II  62771:1000012 

11.62238,20.00012 

11.61711:10.00013 

6119.Tiio.oooi," 

II. 60677:10.0001; 

11.6  5i68,io.cooi^. 

ri.596(;6;io.oooi 

11.59170*10.0001/. 

11.58679lio.0001/ 

11.58193110,0001 

ir577i3{ic.oooi/ 

ii.57238Jio.ooo.((:' 

11.56768l10.0001'' 

1 1. 5 6304. 1 0.000 1'' 


C(»-frc.    V  .  *■  iPe I 

'1-75^14  1.16^71  499235J6C 
11.75097  1. 19707 4.99222I5S 
ir.74391  1.211194-9921(^5? 
i  1.73696  1.23509  4-9919715 '/ 
1 1.73012,1. 238774-991241?^ 
72.139,'i-25224  4-99i7i-5.^ 
1 1.71676*1.265 ?o 4-99158  5  A 


198.361319.999898.36143 

JO  .=:.:}6678  9-999^8  8.36689 
'1  8  37217  9.99'j88  8.37229 
^^  8.377709-999888.37762 
^3  8.38276  9-96987;8.': 8289 
ij  8.38796  o  i9-)87-8  38809 
^.>[8.393r6  9-99987  8T39323 
>a6|8.398i8  9-99986  8.39832 
z'?|8.4032o  9  99986  8.40334 
'8f8.4o8i6  9.99986^8.40830 
9,,8.4i307  9-99985;8-4i32i 
3gj8.4i792  9^998518-41^ 
31^8.42272  9.9998 'i:'8.42287 
32.8.42746  9.99984  8.4^767. 
33]8.432^6  9.99984^8.43231 
34|8.4368o  9-99984:8-43696 
35.8.44139  9-99983^8  4415-/, 
i6|g.44594  9-Q9983;8-446li 


3  7 '8.45044  9.99983;8.45o6i 
38:8.45489  9-99982I8.45507 
39.8-45930  9-99982;8.45948 
4"0  8.46360  9.99982  8.46385 

41  8.46798  9.99981  8.468r7 

42  8.47226  Q.Qoo8r|8.47245 

43  8.4765o,9.9998o;8.4766"9 
44,8.48069:9.99980  8.43o8c 


4j;8.48485'9.996So 
46;8.48896  9.99979 
47„>8.49304|9.99979 
48^8^497089.99979 
49:8.50108:9.99978 
5018.50504:9.99978 


51-0.50897J9.99977.8.5092C 
52^8.512879.99977" 


53i8.5i673 
54I  8.5  2055 

55t^'-52434 
56,18.52810 
57^.53183 

59s^-539i9 
■50J8.54282 


9  99977 


8.48505 
8.48917 

8.493 2j 
8-49729 
8.5013c 
8.50527 


8.5I3IC 
851696 


9p 

ojc 

(«8  Deg.) 


9.9997^6,8.52070 

'•99976|8.5245v  ii.4754i 
9-99975{8-J2835  11.4716,5 
9-99975;8.532oS  n.46792 
9-999748.53578  ir.46422 
9.999748.53945  11.4605J 
9.99974  8.; 4308  iT.4f692 


11.55844*10.0001:. 
ir-55389Sio.ooo 


11.7T023  1.278504-9914553 
1 1-703  79,^-29i43|4-99i3i  5^ 
r.69745ji.304ir4.99i205} 
1. 69121 1.31660^4-99107  5c 
ii.68505[i-32892;4-99094  4<, 
I]l6 7 89 ^;f.34i07'^4.99o8T  48 


£.38803)4-990294 
i-39939l4-990i6  4. 

^  4r-59'4.09'--OT4: 


i.^2l6Cj4-9>A99o4I 
r-43 25 8  4.98977:4c 
1-44336  4  98965J39 
1. 45403,4.9895  2»3^^ 

1.4645  £ 
r. 47496 


1.49540 
1-50544 

r.52518 
1-53488 


.  98939-3 - 
4.98926136 


Il.54939ii0.0001; 

11.54493  ic.oooi; 

1 1. 5  405  2!  ip.  000 1?' 
1 1.53615:10.0001? 
11-53183  10.00019 

11.52755lT0.0c0K; 

52331 
11.51911 
11,51495 

11.51083 
11.50675 
1 1.5027 1 


11. 49^70 

11-49473 
11.49080 
1.48690 
11-48304 
11.47921 


10.0002c 
10.0002c 

I0.0002C 
10.0002? 
1 0.0002  i 
10.00021 


10.00022 
10.00022 
IO.CCO23 
10.0002.-: 
10.0002,', 
ro.9002. 


10.C002., 
I0.0C02S 
10.0002.' 
IO.CO02f 

:  iooc02f 

10.0CC2 


11. 67298 1.35305^4.99063  4; 

11.66708  r.36487'4.99055  A^ 

11.6612; 

11.6555c 
11.6498''. 

J  1.64.425 

11.63869 
11.6332; 
11.6278.- 
r  1. 6a  25c 
ri.6i72.j 
ri.61204 
11.6069c 
1.6C187 
11.5968c 
1-5918 
1.58693 
1.58208 
'1-57728 
1-57254 
f  1.567 
I.'j632c 
i..y586i 
'-lil4o6 
f  154956 
11-5451^ 
11-54070 
'1-5363 
f  1.53202 
ii.52774 


485244-98913^35 
4.98900:34 

-92887J33 

.98874.3a 
4.98861131 
4.98848J30 


11.51931 

11-51515 

11,5110.1 

11.50696 

11^50292 

11.49892 

11.49496 

49103 

ti.48713 

11.4832- 

.^^•47975 

11.47566 

47190 

a  46817 

1.46448 

T.46081 

1-45  7 18 


1.5444834-9^^835^29 
1-5539  7S4.98822f28 
i-56336s4.988o9'27 
t.5  726554.98796^26 
1.581844-9878325 
i-59094'4  98770J24 

1-59994)4-9^75  7;!  23 
1.60884  4-9^744122 
1-617664.98731:21 
r.626j9f4-987i8i20 

1-635034.98705319 
I  643,914-98692  18 

65  20614-98679  17 

66o46U-98666Jio 

1.66877)49865315 

1.677004-98640,14 

1.685 15;4.98627'!I3 
4.9861411a 


69323 


1.70124 
70917 


4.98601  •IS 
4.98528^10 

717034.98575 
1. 724u2  4-985621 

73244  4.9C.U9'  .. 
74019  4.98536;  6 


1.7477^ 
7553^ 

1.7627/ 

1.77014 
7774; 

1.78474 


4-98523J  5 
i 98510 


4-98496 
4.98483 
•4-98470 
4.98457 
V,  Suie 


m' 


(a  Deg.)         Sines,  Tangents,  Secants,  &c. 


15 


M| 


Dine 


08.54282 
2J8.54999 


,  99974  8.54308  1 1. 4^691  10.00026  ii.457__ 
9-99973  8.54669  ri.45331  ^0.00027  II  45358 

;. 99973  8.55027  11.449-3  I0.00027  11.43001 
9.99972  8.55382  11.4461;-:  IO.OCO28  II. 44646 
9.99972  8.55734  11.44266  10.0002811. 44295 
9.99971  8.56083  11.43917  IO.0O029'lI. 43946 

9  99  >7t  8.56427  Ti.43y7i  10.C0029  11.43600 

-    ,  ...  9.99973  ^5<J773  11.43227  io.ooo30,il.'43257 
.570849.99970  8.57114X1.42886  10.00030 11.42916 


3f8-55354 
4|8-55705 
5J':].56o54 
6!^.r64cy> 


^•56743 


8 
98.57421 

^o|8  5775- 

58089 

8.58419 

8.58747 

8.59072 

i5»,2-59395 
16-8.59715 

17-8.60033 

1 8. 8.60  r..;, 7 


19^8.60602 

2o''8.6o9.73 


Co -fine    Tant^    Co-Cdni,^    Se<ai'.f      Co-lcc 


9.999698.574521^42548  10.00031  11.42579 
9  99969  8.57788  11.42212  XO.OO03 1  11.42243 
9.99968  8.58121  Il,4l87Q  I0.00032'll.4l9ii 
9.99968  8.5845x11. 41549  iQ-ooo32'xi.4it8i 
9.99967  8.58779,11.41221  10.000331 1.41 2^3 
9.99967  8.59105111.40895  10.00033111.40918 
9.99966  8.5942811.40572  10. 0C034  11.40605 
9.99966  8.59749,11.4:251  10.00034 
9.99960  8.60068.1X. 39932  X0.00035 
9.99965  8.62384; i_ij396i6  10.00035 
9.9_;964  8.0069811.3 


,y,^     -X.  ,-  .,9302X0.00036 

.'-'J  9-9'.y964*8.6ioo9'i  1.38991:10  00036 
2 Xf8.6i282l9.99963  8.613  t9ji  1.38681, 10.0003 7 
22^8.6158919.999638,61626111.38374^10.00037 
23*8.6189419  99962:8.61931  11.380695x0.00038 
24  8.6219619.99962:8.62 134! n. 37 766"io-ooo38 

25J8. 6249 7  9.9996 1 (8.625 35)  11. 3 7 464'iiaooav7 
./,JoA-„.L.  ^^..b^«o-.l -''10.00039 

10.00040 

29^8.63678  9.99959;j8.637  18  II. 36282iio.ooo4T 
(8.63968  9. 99959I8.64009J1 1. 3599  l*IO.O.:04I 


3  1)8.64250  9.99958  8.64278!!  1.35  ;023l0  0004 - 

32^-64543  9-99958;!8.64585ji  1. 35415,10.0004: 
33^8.648-^79.99957^8. 64870;!  1. 35i3o;io.ooo4; 
,4j8.65iio'9.99956i8".65i54{ri.34846|io.ooo4 


b"P-6539^i9-99956;;8.65435h  1-34565  10. 
;  6*1^65  67o'9. 99955' 8.65  7  ijji  1. 34285!|io. 


,0004^ 

;04'. 


36I ^^ 

37[8.65947^9.99955|l6599'jjii  34oo7|io.ooo!i.. 
38j8.66223'9.9995^  8.66269J1  x.33 73 x|j  10.0004/'- 
3918.66497  9.9995:1  8.66543'!  1.3345  7,jio.ooo46 
4058.667699.99953  '^  668i6Jii.33i84^ro.ooo47 
11.8.670399.99952  8.67o87'ii.329i3^-io.cco48 
2^8  673089.99952  8.67  V56!  1 1  32644110.00048 


v.  b'iie 

X.  7  8474  4.9^^57(60 

1-79195  4-98444159 
1.799x04.98431*58 

1.806194.98418:157 
1.8x322  4.98405j5^J 
1.820194.98392155 
■.8271 1  4-9837904 


[.«3398  4.9«.w6j53 
1.84079  4.98352152 

1.84755  4.98339»5I 
854264.9832615c 
^860914. 98313^4!:, 
1.867524-983001:40 
1.87407  4-9828*7[4/ 
i  880584-98274.^4'' 
1.887034.98261545 
r. 89344  4.98247  J44 
r. 89981  4-93234k5 
1.906x24.082211^2 


1.93703 
r.94308 


••35  74-;'J-9'^43i 
11-35457  i^-99004 

'^-.'?5i73;^-99573 
1 1.348902.001'-, 


r.9i239  4-982b8Hi 
r.9r862,4.98i95J4C 
1.924804.98182139 
X.93094  4.98x6913 

4.98x55'' 

4-98x42 

4.98129 

4.90x16 

4.98x03  y, 

4.98089 

4-98o7(; 

4.98063 

4.980^^15 

49803  7n2^ 

4.9  8023  JI2: 

98010126 


1.94909 
95506 
r. 96099 
1.96688 
r.97273 
,11.07854 


4 

\  _ 

43J8.67575  9.9995128.67624;!  1. 32376|io.ooo-(9 
44*8.67841  9.9995x1:8.67890  XX.321 10610.00049 
45l8.68io49.9995Oj3.68 154' II. 3 1846  J  0.COC5C 
468.683679.9994918.68417^11.31583.10.00051 
8.68627  9.99949,.8.68678  11-3x322' 10.00051 
"  68883  9. 99948:^8.68938  X  1.31062-10.00052 


[1.34053,2.0182514-y 
ri-33777;2.02366!4.9,, ..,,--, 
"•3.3503  2.029l4'4.9:944i21 
ir-3323x!2-03458  4.9793i»2o 

11.32961:2.03999  4.979iS;;i9 

I1.326)2'2-O453;4.97904i;l8 


.6. ogi/t^ 9.9994718.69196  IX.30S04JIO.00053 
'.694009.99947)8.69453  I i-30547<io.oco53 
8.69654  9.99946^8.69-708^  n.302Q2;'io.ooo54 
^.69907  9.99946j8.6996rJ  1 1.30038  10.000  T4 
^  70x59 9199945I8. 70214  X  1.29786  10  00055 
8.70409 9.99944.' 8- 70465  ix.''.9535  1000056 


„.7g658  9.9994418.70714  II  29286  10.00056 

56  8.70905  9.99943>8. 70962  II  29038  10.00057 

57  8.7x151  9.99942I3.7X208  ii.2o792iio.ooo58 
.J8  8.71395  9.99942J8.7I453  n. 28547 '10.00058 

8  716389.9994x18.71697  ii.28303'.io.ooo59  .^.^^^^^  *.^.-,^^j 
8.718^09.99940,8.7x94011.28060  X0.00060  11.28x20  2.13687 
''Co'tr.n,  Tangent i  Co-fee. 


„9I^ 
11.34609.2.0069914.9799  7^25 

r  ^. 3  4. ■^lo^. 01 260'.;. </.■'(.>  ^4''?  J. 


'9'/X'2.3! 
r957,'2«| 


iCo-fine 


1.32425  2.05072 4.97-'9i:'i. 

11.32x59  2.05603,4.97878  iC, 
11.31896  2.06x3  r4-97865':i5 

ii-:\i6:\3  2.06655:4.97851^14 

ii..;i373  2.07x7714.97838:13 
rx.3Tii4  2.07 695 '4-978 25|i2 
-X. 30856  2.0821x14.97812511 
11.30600  2.08  72314.97  798!iic*' 
11.303462.092324.977851  9 
1.300932.097394.97772  8 
1.298412.1024214.97758 
11.20 .-ox  2,10743  4-9774J 
xi.-/y3^2  2.11240 

11.25095  2.1 1 735 
11.28849  2.12227 
11.20605  2.12717 
n. 28362  2.X3203 


^'ec::  t 


4.97732 
4.97719 
4.9770J 
4.97692 
4.97679 
4.97665 


(87.Deg.) 


J(J 


Table  of  Logarithmic  (3  Deg.) 


;M     Sme     Co-Uuc    lano.   Lo-iani 


,  o: 

I 

I 
2 

3i 
4  8 

6s 


'.71880 9  999/jo  8.7 1940  11.28060  10. 

'.73i2o'9.9994o8.72i8t'ii.278i9  lo. 

!-72359  9-99939  ^•724^o'i  1.27580  TO, 

" "      '     '11.27341'ro, 

11,27104.10, 

Ti.2686>?  10. 


,9.8 
^o's 
Ills 

f3,8 

14.8: 

T5;8 

i6j8 
17  8 
18J8 

1918 

208 
.18 

22.8 
^38 

148.7 


7259719-99938  8  72659 
72S.u'9-99938  8.72896 

73o69!9.99937  8.73T32, . 

■  7'^3oV9-99936.8.73366;ii.26634  lo 
77^5  9-99936'8.736c'oiri. 26400' 10 
73767:9-99935[8-73832|ii.26i68io 
•73997'9-99434  8-74063  ii.25937;io 
74226'9-99934  8.74292,11.25708  10 

7i!.4-4;9-9993r8-7452i|Ji-25479;^° 
.7468ol9-OOQ^2::8.74748|i  1.25252:10 


00060 
00060 
00061 
00062 
00c  6  2 
00063 
OC064 


00064 
00065 
OC066 
00066 
00067 
00068 


749o6,9-999328.74974jii-25026jio 
75i30l9-9993T;8  751991^  1-24801  " 

«-«...  Anon -J  i-i:'8*7  P  n  TT  T    i/irTi 


m 
268 

'27J8 
>m 

32R 


•7535 

■7557S 
7579S. 
76015 

76234 
764U 
-66iS7 

76883 

77097 
77310 
77.522 
7773^ 
■'':'943 
.78152 
78360 
78568 
.78774 
.78979 
791 


9.99930875423  11.24577 
9.999298.75645  IT.24355 
9  999^9.8.75867  II. 24133 
9.999788. 76087J11. 23913 


9  99927  876306111.23694 

0.999 26^8765 25  1 1.2347  r|-IO 

9.99926  876742!ii  2325?  io 
9-999-5i8.76)58  TI.2304 
^.9992'!]8.77i7'?  11.2782 

--.87 


I ; 2 8 120! 2. 1 3 68 7  4.97665  ^° 
i.2788o>.i4i68  4.97652-5' 
1.27641(2.14646  4-97639-5 
1.274032.15122  4-976255 


999 

O.QOQ 


9.9992318.77600 

7.99922'8778ii 
.7.999  213878022 
().99920|8.78232 
9.99920(878441 
9.0QOToi8.78649 

.9.999 1  ^18- 78855 

9=^-99917  879o6t 

,,     ".  >. 999 1 758.79266 

.79386  9-999i6j8. 79470 

:UJ8.79588  7.999i.'^8. 796-3 

36.8.7978    9.9991^^8. 7nR7c 


39,8. 

408 
41^8 
42|8 

43^8. 
448 
458 
4^,8 

478 
488 

49  b 

50i8 

51 8 

28 

[538. 

56:8. 
578 
58,8 
598 
608 


.«C 


^2324 
82513 
82701 
82888 

'3075 
83261 

83440 
83630 
83813 
.83996 
84177 
84358 

O-fijJC 


7.8.79990  9-999131:8.80076 
^(8.80189  9-299nt8.8o277 
?,8.8o388  9.99912  8.80476 
.80s 85  9-999it|8.8o674 
.8073299991^18.80872 
80978  9.99909)8.81068 
811739.9990918.81264 
81367  9.99908I8.81459 
.81560  9-99907j;'.8i653 
517529.9990618.81846 
1944  9-9990518  82038 
9.999048.82230 


9-99904 
9.99903 
9.99902 


8.82 


9.999O1I8.8298 


9,9990c 


9.9089018.83361 
-83^47 


y.  9969c 
9.99898 
9.99897 
9.99896 
9,99895 
9.99894 
Sine 


><.«242o'lI.I758Ojl0 

8.8261011.1739010 
ii.i720i!io 
ii.i70i3'io 

II.l6825;'lO 

11.16639*10 


799 


8.83175 


8.83732 
8.83916 
8.84100 
8.84282 
8^84464 
Co-tan, 


11.16453  10. 
II. 16268  10. 
11.16084  10. 
II. 15900  10. 
II.1571810. 
11.151C36  rp. 


(b6  Vt^>) 


lilE; 


0009  T 
OCO92 
00093 
00094 
00095 
00096 
00096 
00097 
00098 
00099 
00 1 00' 
OOIOJ 

00102 
00102 
00103 
00104 
00105 
00106 

o'-lec.l 


-15595 


4-9 


„„,„  .,761256 

a. 16066  4.9759953 
2.1653.^  4.97:8554 


1.27166 
1.26931 
£^6697 

1.26465I2.1700C 
1.2623312.17463 
1.26003-2.17924 
r.25774'a.i8382 
1.25546.2.18:^38 

1.253.2o'2.I9291 


i.25o94'2.i9742 

I.24870»2,20I9I 

1.24647  2.20637 
1.24425  2.21082 
1.242052.21524 
1.23985  2.21963 


1.23766^2.22401 
I.23549V2.22836 
^•23333'?-*3269 
1.23117,2.23700 
1.22903  2.24129 
1,226902.24556 


1.22478,2.24980 
i.22267'2.a5403 
1.220^-7:2.25823 
1. 218482.26242 
1. 216402.26658 
1.21432*2.27073 


1.212262.27485 
1. 21021  2.27896 
1.20817^2.28304 
1.20614^2.28711 
1.20412:2.2911^ 


1.2021XJ2.295IQ  4-97i84!^ 

i.97170'^3 


1.20010,2.29920 
1.19811^2.30319  4- 
1.19612J2.30716  4- 


.19415,2.3111 


I.i92i8'2.3i5c6  4  97ii6'^9 


1.190222  31 


4.97i03;i5 
1 . 1 88 2¥;2^2288  4^^97089! 1 7 
l.i8633|2.32676  4-97076'^6 


4-/975  72  5 

4-97559-^^ 
4.97545-^  , 
4-97532J5° 

4-97519^? 
4.975051? 


97492]4' 

4.97479r 
4.97465|4 


i-97452 


!44 

4-97439h^ 
4-97425r 


97412  41 
4.9739^^^ 
^•9738/ 
4-9737i 
4-97355 
^97345 


3^ 

4-9733  iP 
4.97318  34 

4.97305V'* -^ 
4-9729ij3^ 

4.97278P^ 
-^9726430 

4.97"25ip9 
4.9723?}*^ 
4.97224j2J 
4.972II  20| 

4-97i97r-'^ 


:22 


•97i57j 
.•97i43i 
4.97130^^ 


1.1844012.33063 
1. 1824812.33448 
1.18056J2.33832 
1.17866^2.34213 


4.97o62'i5 
3.97049^14 
497035 '3 

4.97022'^ 

4.97008  II- 

4.96995  1° 
4.96981,  9 


1.176762.34593 
1.I74S7  2.34972 
1.17299  2'35348  ,  ,  ,  . 
I. I7H2?2.35723  4-96968,  8 
r.i6925J2.36o97|4-96954.  7 
1.167392.3646914-96941  _^ 
1,16554,2.36839*4-96927.  5 
i-i637o|2.372o8!4-969i4  4 
[.161872.3757514.96900  3 
'  '600412.3  7 94o'4-968 87   2 

3J2.38304'4.96873    i 
;8667|4.9686oi  o 

V.  Sine  M 


1411.1600412.3 
511.158232.3! 
6ii.i5642  2.3{ 

:.l    JSec-^nr.  I 


(4  Deg.)         Sines,  Tangents,  Secants,  &c. 


77 


'Co- fine 


9.99891 


I  Mi  Sine 

'  08.843539.99894 

I  8.84539  9-99893 
28.847189.99892 

Z  8.84897 

48.85075 
I  58.852^2 

6.885429 

7*8.8560^ 

8.8.85780 

918.85955 
io:8.H6ia8 
ii:8.C630i 
'^^{8.86474 
f3l8'.8664^ 
J  4  8. 868 1 '6 
15  8.8698^ 
168.87156 

7(8.8732.^ 
1818.8749^ 


8.84464  11.15536 

3.84646  11.15354 

8.84826  Ii.i5i7_ 

8.85006  11.1499^' 

,,,^    8.85185  II. 14815 

9.998908.85363  11.14637 

9.99889  8.85540  11.1446- 


to.00109  11.14923,2.40102 
lo.ooiio  Ii.i4748>.40457 
to,ooiiin.r457i'2.4o8ii 

rc.ooira  11.143952.41163 
ro.00113  Il.l4i20^«-4i5i4 
ro.00114  Il.i4045;2. 41863 
ro.'ooi  15  11.1387^2.42211 
9.998848.86415  11.13583  10.00116  II. 13699  2.42558 
9.99883  8.86591  II. 13409  10.00117  11.135262.42903 


423;, 
:4io; 


9:998^88.85717 
9.998878.85893 
9.99886I8.86069  11.13931 
9.99885  8.86243  Il.i37'?7 
""  '8.86415  11. 1358' 


19:8.87661 
0|8  8782f 
2i''8.87995 
J8.8816] 
23^8.88326 
24 

25 
26 

27 
28 


8.89142 


55 


rang.    Co-tano; 


9.9988' 
9.99881 
9.9988c 
9.99879 
9.99879 
9 


^ecant      Co-fec  'V.Sine 


0.00106  ii.i5642:2.38667'4.9686o 

10.00107  11.15461,2.390284.96846 

0.00108  II  15282:2.39387  4-9683 


[0.00109  11.15103I2.39745  4.96819I57 


4.968o5'56 
4-9679^55 
4.9677854 


8.86763 11.13237J10.C0118  ii.i3.r';5  2.43247 
8.86935  11.13065JX0.00119 11.13184  2.43589 

.87106  11.12894110.0012011.13013  2. 43930 

.87277  ii.i2723|io.ooiai  11.12844  2.44170 
10.00121:11.12675  2.44609 


■yy^.,.      .8744711-12553 

i.99878'8.876i6  11.12384 
9:99877''8.87785  ti. 12215 
7.9987618.8795311.12047 
0.0087?  8.88120  11.1188c 


9-99^75 

9.99874  8.88287. II. 11713 
9  9?873.8-8?453!ii-ii547 
7.098-2  8.88618  ii£i38i 


4-96765  sz 

4-9675154 
4-967385 
4.9672450 
4.9671049 
4.96697  48 


ro.ooi22  11.12506  2.44946 


4.96683  47 
49667046 
4.96656  45 
4-96642[44 
4.9662943 
4.9661542 


10.00123I11. 12339  ^-45282 
10.00124I11. 12171  2.45616 


10.00125 
ro.00126 
[0.00127 
ro.00128 


9.9987 1'8.88783: 1  i-i  1217*10.00129 
9.998708.88948  I  I.I  i052|ro.coi3o 
9.99869(8. 89iii|ii.io8'89;io.ooi3i 

0.99868  8.89274  II. IO'726jIO.OOI32 

'•895C4  9.99867  8.89431  Ii-io563«io.ooi33 
8.89464  (^.p(^g66  8.89598  Ii.i0402;io.ooi 34 


8.«9o25J9.9o865^8.8976o  Ii.io2;io'io.ooi35  11.10375  2  49214 
8.8978419.99864  8.8992o|ii.ioo8o'io.coi36  ii.io2i'6.2.49534 


8.89943I9.99863 

34  8.9ci02'9.99862 

8.902609.99861 


11.12005  2.45949 
II. 11839  2.46281 
11.11674  2.40612 
II. 11510  2.46942 
11.11346  2.4727014-96520 
11.11183  2.4-597|4-965o6 


4.96602^41 
4.96588  40 
496574 
4.96561 

4-96547 
4.06533 


11.110202.47923 
1 1. 10858  2.48247 
11.10696  2.48571 
11.IC536  2.48893 


496492 


4.9647931 
4.96465  32 
4-96451  ^o 


8.9oo8ojii-0992o;io.coi37| 
".90249  11.09760^0.001381 
.90399  Ii.b96oi|io.ooi39 


10057  2.49852 
.09898  2.50169 


4.96438120 
4.96424428 
4.9641027 
4.96397(26 


52  0.50417  9.9986c  8.9055  7;i  1.09443,10.00140 


11.09583  2  5o8oil4'96369j24 
II  09426  2.5111514.96356.23 
11.09270  2.5i428'4-96342  22 


37^  8.905749.99859  8.907i5'ri.09285ho.oci4l 

38  8.90730  9.09858  8.90872*1 1.09128JIC.OC142 
8.90885  9.9985 7j8.9io29:ii.c8o7i|io.ooi 43 

-t-;8.9 1040  9.9985  6i8.9ii85jii.o8Si5|io.boi44 

4118.911959.9985518.91340^11.0866^10.00145 

428.91349  9.99854(8.9149^^9  lI.o8505;IO.OpI46 

'43  8.91502  9.9985318.91650;!  i.c8l5o"io.ooi47 

,448.916559.9985218.91803^11.08197110.00148 

4518  91^07  9.9985 1, 8.9195 71 1 1.08043110.00149 

46;8.9i959 9.998508.92110 II  07890J10.00150 

47  8.92110 9.99848  8.92262  ii.07738'io.ooi52 

488^92261  9.99847,8.92414111.07586  10.0015 

--.07435,,io,ooi54;i  1.07589  2.54790 
1.1.0728410.00155111.07439^3.55096 


11.09740*2  50486|4.96383j25 


49  8.92411  9.99846,8.92565, 

50  8.92561  9.99845  8.92716 

5 1  8.92710  9.9984418.92866 

52  8.92859  9.99843'8.93oi5 
5318.930079-998428.93165 

54,8.931549-99841 


8-93313 
J5!8.933oi  9.998408.93462 
5618.934489.99839  8.93609 
57'8.93594  9-99838  8.93756 
58.8.93749  9.99837  8.93903 

59  8.93885  9  99836  8.;4049 


60.8.94030  9-99834 
'Co-fine     Sine 


8.94195 


C. 


ri.09115  2.517394.96328  21 
11.089602.52050,4.96315  20 
11.08805  2.52359  4.96301  19 

Il.c86rl  2.526684^6287  iS 
11.08498  2.52975  4-96273  17 

11.08345  2.53281I4.96260  i6 

11.08193  2.535864-96246  15 

11.08041  2.53890  4-96232.I4 

- 11.07890  2.5419314-96219  13 

3  1T£7739  2.5449514^205,12 

4.96191  1 

4.96177  I 


11.0713410.00156,11.07290.2.55395 


II  o6984'io.ooi57i7i.07i4i 
1 1.06835. 10.001581II.06993 
1 1.0668  7'io.oo659;ii.o6846 
ii.o6538*io.ooi6o{ii.o6699 
I  i.o639i'io.ooi6i  11.06552 
ii.o6243'io.ooi62ii.o64o6 


11.0609  7J10.00163 
11.0595  ijio.00164 
n.o'58o5|io.ooi66 


11.06260 
11.66115 
11.0597c 


2-55693 

2.55989 


4.96(64. 
4.96150 

-^J7-y  4-96136      , 

2.56285U.96I22   6 
4.96109 


2.56580 
2.56874 
2.57166 


4-96095 
4.96081 


2.574584.96067 
2.577494-96053 
2.58o39'4;96o4o 

y."  r^P 


M 


C«5  JL)eg.) 
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Table  of  Logarithmic 


(5  Deg.) 


C'-    lUlLJ 


Co-tang;.    Secan'' 


3.94030 
1M.94174 
18.94317 
3,8.91461 
4,8.94603 
.58.94746 
63.9483- 
3.95029 
i.  9.5 170 
'•95310 
^■954.5- 
^18.9559 

3.96  .-'O  <; 
3.961.1" 
8.;?628o 
8.96417 

^.96  r<. 


9.99834  8.94195  11.05805  1^00166 
9.9983318,94340 1 1.05660.10.001  (' 
9.9983 z;'8.9448 5 1 1.055 15110.00 !<' 
0.99531^^:94630 1  r.05370  10.0016 
9.90830^.94773  11.05227 
9.99829^8  949x7  11.05083 
J.  j<.iB28'-3..-K'^6o  1  i.r  494  ~ 


\  MS: 
I96825 
3.96963 
^^3.v709- 
3.9722 


;74V' 
3..')7fi2. 
%7{8.9776; 
%97B;* 
^^[8.98oa^- 
3Q^8.98i57 
^^|8.9S'^8c 
3^13.98419 
338.98/r^n 
•54.8.98679 
3;^,8.98:-!o8 
3^  8. 980  r 


^>.99c66 
8.99194 
3'^|8.0932? 
4O8.99450 
]^|SW77 
4^8.99704 

«*8.9983o 


.,9--o  82 

^S.C02C7 

^^i9-00332 
ll9.oc4.c6 

''5>'9.oo58i 
50  9.00  704 
J  ^9.00^:28 
5*9.00951 
53  9.CT074 
549.01106 
559.01318 
569.0144 
579.01561 
30  9.01682 
599.01803 
^9.0192^ 

:c.>-rin 


./.9y827'8.>j202  TI.0479  . 
9.9ci825;8.95344  1 1.04656 
A9v824?8.95486  11.04514 
9.99823I8  95627  I  .04373 
9.998>zi8.95  767Ji  1.9423; 
9.;98  2 118.95908,11.0.^092 
9.99820;;^.  9604711 1.03053 
9.99''i9|8.96i87;ri  0381* 


9.99817 
;.998i6 
7.998. 
J.Qo'^r 


9.998 

7.9  9  803 
0.99^80; 
9.998-^1 
7.9  9  Poo 

999798 


96325 

S.  964  64 

96602 

9 


8.967___ 

8.96877 
8.97013 
897150 

,?.972'35 
8.97421 

8.975.^6 


y.;98i3 
p.9;8i2 
;.9?8rc 
).99oC9 
>».998o8 
9.99^07 


:?  97825 

^•9795> 
I98092 
8.9822  c 
8^8358 

a. 98490 
9.9779718.98622 


9.9979C'  8.98753 
0.9979 

9.9979^  ^-99=^5 


9^99797 

9-99'79"i 
9.99790 

9.9978? 
9.99787 
9.99786I8.99791 


9-99773 
9.99772 

9.99771 
9-99;69 
9.99768 
9.99767 
9.99765 
9.99764 
9.99763 
2:99761 
sine 


8.9914'- 

"•99^ 
8.99405 
8-995.^4 
8.9966 


9-90.>TQ 


.00046 


10.00I7' 
10.0017T 
10   I 
ioa  ..17 

10/)0l"' 

lo.o'.a 
fo.ooi:: 
10.001 -P 
10.0017^ 

10.-.<;r8' 

IO.O0I81 

11.0367;  rO.00183 

X  1.035  ^Aj  1 0.00 '8t 

11.033  8  IO.no  18' 
l1.O326ljIO.OOl8'' 
T  1. 031  23  10.00187 

II. -298  7 

II.O28CO 

11.027,-5 
11.02579 
IT.O2444 


T  1.02309 

1 1.0217  <; 
1 1. 02041 
11.01908 
11.0177 

II  OTO.I- 


IO.OOI88 
IO.OOT9C 
10.00191 
10.00192; 
10.00193; 
f  0.00 194' 
:o  00I96J 


iC.001981 
>  0.00  I  99 

ro.o02ool 
rr.01510  10.00202 
11.0137P  10.00203 


11.C124 
11.C1116 
11.00985 
11.0085 

1 1. CO*  25 

I  r.co59  c 
11.00466 
T1.C0338 
ri.0-209 

1 1.0008  r 

1 0.9  9  95 /t 
9.00174  10.99826' 


2:91735 

9.9978; 

9-99782 

9.99781  9.00301110.99699  l0.oo2I( 
9.99780  9.00427110.99573  IO.oo22< 

9.99778 

7.9977: 


9  40553ii'^-9944? 
9.00679110.9932 

9.99776  9.00805,10.99195 
9-99775  9."093o;io.9()o70 


.01055  10.9894J 
9.oii79;To.9?82i 
9.0130310.98697 

9.0x427.10-98573 
Q.01550' 10.98450 
9.01673  10.98327 
9.01796  10.98204 
9.01918  io.98'-8' 
9.0204010.97960 
9.02161 10.97838 
Co-tan. Taijwcr.f  C<:-fec 


C^-fc-.lV.  Sine, i__ 

1 1.059  0^2.5803914.96040  6'c 
I  i.05826U.5?328i4.96o26  5 
1.05683  2.  "'    " 

■  1-05539  ^ 
II.OS397  2 
1 1.05 25 J 
•  ^.05113 
'1,049-1 
11.04830  2 
^1.0460 
(1. 04550 
11.04411 

IT    Ol''-^ 


ii.0399,< 

iio-,8' 

h.o37:t 


10.00204} 
10.0020; 
[0.0020';- 
lO.ooir*^ 


,jio.oo239 


11.02   o 

II.02371 

II.022^8 

ii.o"io6 
11.01974 
II. 0184 
11.017 
11.0158 

II.OI45 
II.OI32 

11,0110 

11.0106 
II  0097 
11.6080 
11  0067 

J  T. 0055 

11.0042 
ii.'^o'>9 


.5861614.960125 
,.5870314-959985; 
59iS9  4-:;5984  5t'- 

5947-,J4.9C97i  55 

,ro-'.-;:'j4.r?5957  54 


,.000414  75943  53 

,.oo.vi3  4-959*952 

,60605  4-9^91551 

.i.6o88c  4-93902  50 

'  4.9588840 

4.95^744^ 

4-958604 

4.9584646 

4.95  832^45 

4.9581944 

4.Q58oj;43 

4.9579342 


1.63641 


61165 
'..61443 

4.61721 
.61998 

2.622:'4 

^.62549 
2.62823 
2.63092 
633694-95777,41 


4.95763M0 


912  4.95749i39 


i.6.,-       „, 

2.641824.9573538 
2.64451  4.95722f37 
2.64719  J;9_57£o:36 


:.64987 
•65253 

2.6?  U9 
.6.W84 

2.66048 


•95694135 
4  95680.34 
4.9566633 
495652:32 
4.95638.31 


3  2.66312  4-95624130 


2  2.66574  4.956iO'29 


.66836 

.67097 

^•67.T'57 

2.67617 

-,  2.6787^ 


l68,gx 

2.686J-' 
o2.68;^o:; 


3  2.6915  7J4.95471, 
6  2.6v94i2'^' ' 


ii.ooivo 
TI.C0044 
10.99918 
10,99793 
10.99668 
10.99^44 


4.95596^28 

4-95583l'27 
4.95569526 
4-95SS5hs 
£955£it24 
^-9552  7f23 
4-955 13[2 
4-954992 
4-954  85J20 
J9 


4  95457;i_ 
2.69665  4. 95443^1 7 
2.699i8i4.95429'i' 

2.701  TO  4.9."4i5.-i5 
4.95401'! 
4.95327-I 
4.95373'! 
.95359  I 
'i.95345:i 

4.95317 
4.95303 
4.95289 

4-95*75 
4.95261 

4.95247 
4.95233 
4.95219 


2.'J042t 
2.70671 
2:70921 
2.7^70 
2.71418 
2.71666 
2.7I913 
21  fQ 


10.99419 
iO.99296 
10.99172 
10.99049 
10.98926-  ,.... 
10  Q8804I2. 7240,1 
10.986821^72649 
10.98560' 2.72893 
10.98.139  2.73137 

10.98318  2.73.V' 
10.98197  2.73622 

10.98077  2.7^863  ,4.95205  O 
S  cnrt        "      "^ 


!Vi< 


(84  Deg.), 


(6  Deg.)     Sines,  Tangents,  Secants,  &c. 
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X     ,Co-fin 


ii/.oao43 

2!>^.02l63 

3^9.022^3 
4|y.02402 
519.02520 
6J9.02639 

7  7o2757i9'y97J 
8|9.o2874;9-997i 
9|9.o2992i9-9974' 
io|9.03i09!9..9974fc 


09. 
:i|9. 
12*9 


9.99761  9.02162 

9.997609.02283 

9-99759  /02404 

9-99757  9-02525 

6  9.02645 

;.02766 

9-02885 

2  9.03005 

I  9.03124 

V  ; .03  242 

■03361 

y.03479 

0  7 


9-9975 
9-9975. 
9-9975 


.03226j9-9974 

•03342'y-9974 


3!9-0345«;9-9974-: 
^035  7419-9974^ 
9.0369019-99741 

9.03805  9-;9 74c 

9.039  2o|9-'i)  7.3^ 
9.04034J9.9V73: 


-I- 


4 

15 

16 
17 

18 

19  9.04 14919.99 73 ( 

20  9.04262}9-9973^ 
'9-04376  9-9973.: 

229.0449019-99731 
23  9.046u3|9.9973C 
249^4715  " 

5  9.04828 

26  9.04940 

27  9-05052 

9-05 1 '34 

29  ^-05295 
3c  9.05380 


9-9-// 2^ 
9.99727 
9.99726 
9.99724 
9-;9723 
9.99721 
9.9972c 


>'--54y 
9  0500 


79.99718 
9-9971 


9.05717  9.99716 
9.058279.99714 


9-05937 


9-99713 


9.0')  46  9.99711 


9.cOij5 
9,06264 

9.06^72 
9.06481 
9.06589 
9..  6696 
9.0680., 

9.07018 

9-07134 
9.07231 

^^'^7,V^7 


9.9971G 
9.99708  , 
9.99707  9  06666 


9.07442 
9.07548 

9-07653 
y.0775{5 
9-07563 
9-079;-8 
55  9.08072 
569-08176 
57  9.0828c 


58  •;-c8383  9-99678 


59  9.08486  9 
6ojy.o8^89  9 


'Co- 111) 


9.99704 


9.99696  9 
9-99695  9 

^■99h^  9 


rauy-.    Co-tano-. 


■/-'-' 3v-i  4 
;-03l32- 
;K>3948 
;.  04065 
;;.04i8i 
9.04297 


;.044i3 
9.04528 
^.C4643 
9.04758 
9.04873 
^•"498  7 


;.G5ioi 
9.05214 
9- '^^5  3  28 
9.05441 

9-05.553 
9.05666 


5778 
.  5890 
9.06002 
9.06113 
9.06224 

9.06445 
9.06556 


9.99705  9.06775 


9.0688 ; 


9-^y'/70z  9-06994 


9.99701  9.07104 
9.99699  9.0721 ) 
9.99698  9.07320 


9.y90y29 
^.99690  y 
9.9^689 
9.99687 

9  996S6 

99968^ 

9.99683 
9.9^681 

9.9968 


.99677 
-99675 


07428 
-07536 

.67643 

•0775^ 
.07858 

•.07964 
908071 

9.08177 
9.08283 


9.08389 
9.08495 

9.08600 
9.08709 

9.C8SIC 

9.08914 
Co-tan. 


97838 

■97717 


.97596  10.0024 


97475 
'■9U55 
••97234 
'•^7315 
0.9699; 
^.96876 


10.0023^  ...98077,2.733^314.95205  6c 
10.0024  i-'.07957'2.74AO4  4  95191  59 
743444-9517755^ 
74583I4.9516357 
74S22;4.95i4y56 
75o6o'4.95i3.^ 


10.00243 
io.o;  24^ 
10.00245 
10.OJ24; 
10.0^248 
io,o.:249 
.96758^10.00251 
.9663;?io.co25  2 
.96521I10.00253 
.'v'6^o^ho. 0025  s: 


Co. 


fee.   V.  Sinci 


10.97837  -2, 
10.977172. 
10.975982, 
10.9748.;  2. 
ic.9736_2  2, 
10.972432, 
io.97i26'2. 
io.97c.o8'2. 
10.96891,2 
10.96774(2. 
£^9^^658  2, 
io.96542,'2. 

10.96423  2. 

10.963  io;2. 
-  .96195.2. 
10.960802. 
10.9596(5'^ 
10-95851!^- 
i'  -95  73iih- 


5297.4.9512154 


755 3414-95 107  ^., 
75  77014-95093  52 
76006J4.95079 
76241 14.95065 
76475!4.95-5-i 
7670814.95' :-37 


49 


0.90286110.00256 
0.96168510.00258 

-.9  605  2;  10. 00  25  9 

'^-95935jio-oo20o 
:o.938i9'io.oo262 
^095703^10.00263 
0.95587I10.00264 
i 0.95472  10.00266  _.  .^^,  J- 
0.95357510-00267  10.95624 
0.952421110.00269  10.95510 
0.95  i27|io.o,  2  7o'io. 95397'- 
Oj95oi3]iO-'^0272  xo.952j5J^ 
0-9489yji 0.^02 73  io.95T72'2. 
0.94766110.00274110.9506,12. 
o.94672'io  oo»76|io.94948i2- 
•0.9455y»°-oo277  10.94-836:2. 
0.94447110.00379  10.94725  2. 
0-943.U  1^-280  10^94614'^ 

0.94222[l0.00282jl0.94503;2- 

.0.941 10,10.00283, io.94393'2 

:o.93998';Xo.oo284;iD  9428312 
o:93887!:io.o;286;io.94i73f2 
0-93776  io.co287]io.94o63'2. 
o-93665^io-  028911 :  .93954-^ 
^•93555H-0-290ji ^.938:5  2. 
o.93445p--'-"-292  10.93736:2 

:o-9333'^^0-o0393 

;o.932  25]ic.co395 

[0.93115310.00296 
0.93006  ;io."029S 

:o.92897;ii...oo299 


70941 
77174 
77405 
77636 

77807 
7.^097 
■73TI 
7  ^55  J 
78783 

7yOIO 

79237 


4.9502. 
4.9500  li 

4.9499^ 
4.9498c 

4  9496^ 

4-9495^' 

4-9493^ 
4-9492^ 
4-949IC  ,y 
4.74896  ^0 
4-94881  ' 
4.94867 


/y009'4.y4853 
•79913I4-94839 
■8013^14.94825 
.o036?,!4.948ll 
.8.,9c6j.:.9479-- 

8    8;-9  4.94702 


•^io3i4  94768.i9 
•8i23i!4.y4754!28 
-814734.9474  '27 
•8i694|4.94726'.26 
.819144.9471a 

■82133  4-9469  7J24 
•92352!4.946!'3L. 


10.930282. 
10.93  5192 
10.93411  2 
10-93304^ 


02570 
82788 
.83^x55 
.83222 
■8343S 


10.93196,- 


:o.92789jio.oo3_^i  10.93089  2- 
: 0.92680^10.00302  10,92982  2- 
:o.92572'io.o:304  10.92876  2. 


: 0.92572,  .    . 

0.92464^,10.00305 

0-92357^1-00307 


0.92249  i-.o  3-g 
0.92142  io.o.  31,,, 
:o.92036'io  00311 
o.9i929''io.o  313 
0.9182310.0^314 
0.9171 7:10.,.  0316 


0.91611  10.C0317 
[0.9150510.G0319 

0.91400 10.00320 
0.91295.10.00322 
[0.91190  10.00323 
^091086  1000325 


.92876 
10.92769  2 
ii- 9-6.63  ^ 
10.92558  2 
10.92452  2 
12.923473 
10.922422. 
10.92137  2. 
10.92032  2 
10.91928  2 
10.91824  2 
10.9172c  2. 
1J.91617  2 
10.91514^2 
10.91411  2. 


''<^i^5i 
,83869 
84083 
84297 
84U0 
•84723 
84936 
,85148 
8535'; 
i55  70 
.85780 

8599Q 
86199 
86408 
.89615 
86824 
87031 
8723'^ 


n^jcnt]:  Co-fcL.  iSecant   | 


4.94669122 
4-y-l'J55'2i 

4.9464  I|20 

494626^19 
'^•94611, 18 


4.94598  I  / 
4.945  84!i6 
4-94570.15 
4.94555  14 
4.94541 13 
4-94527 12 

4  94513  II 
4.94498  10 
4,94484; 
4.94470 
4-94456 
4^4442 
4.94427 
4-94413 
4-94399 
4.94384 
4.94370 
94356 


,  .Sine  M 


(83  Deg.) 


So 


Table  of  Logarithmic  (7  Deg.) 


09Z 

I  9.08692 

29.08795 

39.08897 

49.08999 

59.09101 

6  9.09202 


7  9-«^3'24 

8.9.C9405 

9  9.09504 

109.09606 

11909707 

i2;9.c98o7 


Co- fin  f 


9-99^-iS 
9.99674 


Tan^ 


y. 089 14 
9  09019 


I3  9.,.9yoo 
14b.  10006 
;i59.ioio6 
169.10205 


9.10304 

9.10402 


9.10501 
20^9.10599 

21:9.10697 
22,9.10795 
23;9.io893 
2  4'9.io99c 
259.U087 
26  9.1 1 1 84 
27I9.11281 

•11377 
29I9.11474 


999672  9-09I23 
9.9967019.09227 
9.9966919.09330 
9.99667J9.09434 
9-99666f9.o9537 
9-99664i'9.o9640 
9.9966319.09742 
9.9966119-09845 

9-905  9';9-09947 
9.99658,;9-ooo49 

2:99^19:121^ 


Co-tang. 


IC.91086 
10.90981 

1C.90877 
10.90773 


Secant   i  Co^^fecTTv "SuTT^ 


10.00325,10.91411 
10.00326  10.91308 
10.00328  10.91205 
io.oo33o'io.9iio3 


xo.9o67o|io.oo33i|io.yicoi 


10.90566^10.0033310.908992.8826514.94384^55 

10.90463  10.00334  10007082.88460  4.0A270'  f  A 


9-99655'9-io252 

9-99653|9-^°353 
9.996519.10454 
9.9965oj9-io555 
9.99648.9' IC656 
9.99647i9.io756 


9.996459.10056 
9-99643  9-10956 
9.99642t9-iioj6 
9.9964019.11155 
9996389.1x254 
9-9963  7;9-i^353 


9.11452 


9.99636 
9-69633 

9.9963  2J9. 1164^ 

9.9963o/;.xi747 

9.99&29;y-ii845 

30*9.115709.996279.11943 


59  11666  9.9962619. 12040 
J9.II76I  9-99624  9-12138 

33  9.ii857l9-99622i9.i2235 

34.9.1295219  9962019.12332 

5l9.i2047!9.996i%.iz4 

6^9.1214219  996i7:.Q,i2? 


36 


}28 

37:9.12236^9-9961519  I262I 
38;9-^233i  9.99613,9.12717 

39'9.i24259-996i2  9.i28i3 
40j9-i25i9;9-996ir  9.12909 
'4T'9.i26i2j9-996o8  9.13004 
'  "'~'       3099 


^2:9.12706:9.9960719 

43;9---799,9-996o5  9-^3194 
44;9.ijS;2  9-9i>6o3i9.i3289 

45^^.i2985!9-996oi  9-133^4 
?io9.i3^79'9-996oo  9-13478 

47(9.131  71  9-99598  9-1.3573 
48>jr3263|9.99596!9. 1 3  66  7 

49'9i3355  9-99595  9-13761 
50:9.13447  9-99593  9-13854 
51,9-13539999591  9-13948 

52  9.13630  6.99589J9-i404r 

53  9-i372i'9.99588i9.i4i34 
[€*  'Hiiy  9-9958619.14227 
\S5  9-13904  9-995«4|9-i4520 
1569.13994  9.99582'9.i44i2 
157,9.14085  9.99581I9.14504' 

52  9-14175  9-99579  9-14597 
1599.142669.99577^9-14688 

|6o'9. 14356  9.99575  9  14780  

j     'Co-fine     Slue    jCo-tan.'TangentJ  »J;)-icc. 


9-463 
10.90360 
10.90258 
10.90155 
10.90053 
10.89951 
10.89850 
10.89748 
10.89647 
10.89545 
10.89444 
10.89344 
10.89244' 

lo.89i44Jio.oo355 
XO.89044  10.00357 
10.88944  10.00358 
10.88845^0.00360 
io.88746!io.oo362 
10^88647  10.00363 
'0^88548  I0-ool65 
I0.88449  10.00367 
^0.88341  10.00368 
I0.882.13  10.00370 
ro.88i55J-f  0.00371 
io.8H057fio-oo373 
1087960  10.00375 
10.87862  10.00376 
10.87765*10-00378 
10.87668J10.00380 
10.87572510.00382 

io.87379'io.oo385 
ia.87282'10.00387 
10.87187J10.00488 
10.87091(10.00390 
10.86996' 10.00392 
10.86901110.00393 
i6.868o6;io.oo395 
10.86711I10. 00397 
10.86616  10.00399 
10.86522  10.00400 
10.86427.1000402 
10.86333' 10.00404 


2.«  7  238.4.94356^60 

2.87444  4.94342i59 
2.87650I4-94327I58 
2.888554.943i3?57 
2.88060  4.94299*56 


34  10.9079812.88469  4.9427o'543 


10.00336. 10.9009622.  b8672^4.94256;;j3J 
io.oo337-io.90595!2.88875|4.94242^52| 
1  °-oo339;io.904-94;2. 89078  4-94227['5: 
io.oo34i|io.90394i2.892794.942i3?5oj 
10.00342J10.90293  2.8948i'4  94199  4^ 
O.oo344|io.'9oi93f2.89682'4-Q4i84.'48j 


io.oo345jio.ooo93:2.89b82;4-94i70  47'i 
10.00347110,89994  2.9oo82}4.94i56j46i 
io.co349;io.89894  2.9028214-94141^45' 
10.00350J10  89795  2.90481  4-941278441 


10.00252110.89696 
1Q-00353  10.89598 


10.8^499 
10.89401 

10-^9303 
10.89205 
10.89107I2.91863 
io.89oio;2.92058 


2.90680 
2.90878 


2.91076 
2.91273 
2.91470 
2.91667 


io.««8i6J2.9244!: 
10.88719I2.92643 
10.88623 '2.92836 
10.88526I2.9303C 
10. 8  8430*2^93223 
ia88334[2.934i5 
10.88239^2.93607 

io.88i43l'2.9379y 
10.80048!  2.93990 
10. 87953'2. 94181 
ia8_7858.2. 94371 

io.87764'2.945Ti 
1087669^2.94751 
^087575^2.94940 
io.8748i'.2.95i29 
io.87388>953i/ 
10-8729412.95505 


io.872oi;2.95693 
10.8710812.95880 
10.87015J2.96067 
10.8692212.96253 
10.86829I2.96439 
10.8673782.96624 


io.86239;  10.00405110.8664412.96809 
10  86146  10,00407110.0655312.96994 
lo.86o52'io.oo409'io.o646i!2.97i78 
10.8595  9;  10.00411110.86370112.97362 
10.858661: 10.0041 2' 10.862  78I2.97546 
10.8577,^0.00414110  86x87,2.97729 
10.856S0  10.00416  io.86096 
10.85588*10  oo4i8'io.86oo6 
io.85496[io.oo4i9' 10  85915 
10,85403,10.00421  10.85825 
0.85312,10.00423  10.85734 
10.85220  10.00425  10.85644 
Secant 


4-9411345 
4.94098L2 

4.94084^ 
4-94o69Loj 

4-94055h9l 
4-9404138] 
4.94026L7J 

121^13  6  j 


4-9399^75] 
4-93983:'34i 
4.93969'33l 
4-9.59543^' 
+-93940^1 
1^9393630 


49.3912,9 

■^-93897:28 
4.93882^7 
1.93868  26 
4-93854^25 
4^383924' 
4.93824  23I 
4.93810  22I 
4-9379621^ 

93781  20J 

4-93797  19 
4-93752  18 


4-93738,17 
4-93724,16! 

4-93709  15! 

4-93695  14 

4.93680  13 

•93666 12 

4-9365i!ii 
4.9363710 
4-93623«  9^ 
936o8|  8; 
4-93593  7\ 
t93529Hi' 
4-93564  .^1 
4.93550   4 


2.97912 
2.98094 

2.9827614.93532!  3 
2.98458:4.93521]  2 
2.98639;4.935o6|  i1 
2.98820 4.93492!  o| ' 
V^.  fcine'M< 


(8^  DegO 


(8  Deg.)         Sines,  Tangents,  Secants,  &c. 


8i 


7 
S 

9 

10 

It 

>J: 
^3 
14 

|i6,9. 

17  9- 

189. 

199. 
209. 
21  9. 
229. 
239. 
If  9- 

^5  9- 
269. 

279- 
289. 

«9  9- 
.109. 

3X'9- 
3^9- 
33>. 
349- 
S5!9. 
36:9. 

37;9- 
38;9. 
39  9- 


]^59- 
A^\9- 
I479. 

'499- 

'509. 

i5i;9- 

t52!9. 
|J3|9- 

54!y. 


4356 

4445 
4535 
4624 

4714 
4803 
489J 


498 

5069 

5157 

5245 

5333 

542T 

550I 
SS9'' 
568: 
577c 
5857 
5944 
603c 
6116 
620^ 
62S9 
6374 
646r 

6545 
6631 
6716 
6801 
6886; 
6970 
7055 
7139, 
72^3 
7307 
7391 
7_47_4 
7558 
7641 
7724 
7807 
7890 
7>»73 
8-^55 
8^37 
8220 
8302 
8383 
846c 


9-99575 
9-9^573 
9-995T^ 
999570 
9.99568 
9.99566 
9-99565 

9-99563 
p.99561 

?99559 
7-99557 
)  9955^ 

9-99554 


9-9955^ 
9-99550 
9.9954S 
9.99546 
9-99545 
9-99543! 
9,-99541 
9-99539 
9-99537 
9-9?  5  35 
9-99533 
9-99532 


^547 
8628 
8709 
8790 
B871 
8952 


9-99530 
9-99528 
9-99526 
9-995  24 
9-99522 
'9W2C 
9^18 
9-9951/ 
9-9  ^5 15 
9-975^3 
9-995 1 J 
9:9953' 
9- 995  c; 
9-99SO} 
9.9950;. 
9.99501 
9.99499 
9-99497 
999495 
9-5949^^ 
9-99492 
9-9949C 
999488 
9:994^6 
9.9948.! 
9-99482 
9.9948c 
9-99478 
9-99^76 
9  99474 


:55j9  19033  9-99472 
'5619.191139-99470 
'5-7J9-T9I93  9-99468 

58:9.192739.99466 
i59J9-i9353  9-99464 

60  9.T9433  9.99462 
'       Co-l'ne      Sine   'Co-ran, 


4780 
4872 
4963 
5054 
5145 
5236 

53^7 

5417 

5508 
5598 
5688 
5777 
5867 


5956, 
6046 

6^35; 
6224 
6312I 
6401 
6489 

6577, 
6665 

6753 
6841 
6028 


7016 

7103 
7190 

7277 
7363 

745'-"^ 


7536 
7622 
7708 
7794 
7880 
7965 
8051 
8136 
8221 
8306 

8391 
8475 
8560 
86a4 
8728 
8812 
8896 
8979 
9063 
9146 
9229 
9312 
9395 
_9478 
9561 
9643 
97^5 
9807 
9889 
9971 


Co-tan .( 
0.85220  ■ 
0.85128 
0.85037; 
0.849461 

0.848551 
0.84764' 
0.84673' 


Secant 


0.845  83  j 
0.8449^1 
0.84402 
0.84312, 
0.84223I 
o  84133' 


0.84044' 
0.83954! 
0.83865 
0.83776 
0.83688' 
0.83  ?99 


0.83511 
0.83423 
0.^3335 
0,8324? 
0.83159 
0.830  7  -z 
08298.1 
0.82897 
0.82810 
0,82723 
0.82637 
0-8255C 
C.82464 
0.82378 
0.82292 

0.822li6 

0.82120 
o-82<..35 
0.81949 
o.8ic,6.i 

0.81779 
0.81694 
0.81609 
0.81525 
0.81440 
0.81356 
0.8127-2 
0.81188 
081104 
0.81021I 


0.8003  7j 
C.80854 
0.807  7 1| 
o.8o6b'8, 
0.80605  j 

0  80C22' 


0.80439 
0-80357 
0.80275 
C.80193 
0.801 1 1 

o.8oo29j 
angen.  I 


0.00425 
0.00427 
0.00428 
:o.oo43o 
:  0.0043  2 
0.00434 
£.00435 
:  0.0043  7 
0.00439 
0.00441 
0.00443 
f0.0C444 
0.00446 


.0.0044  J:; 
0.C045C 
0.00452 
0,00454 
0.00455 
0.00^5; 

[  0.004  5  9 
0.00461 
0.C0463 
0.0046.5 
0.004^ 


:o.oo468  I 


Co~fec. 
ro.85644 

^o.SsS55 
TO.85465 
10.85376 
10.85-86 
10.85197 
ro.85iog 


10.85020 

10.84931 
10.84843 

10.84755 
10^84667 
i_o.84579 
10.84492 
ro.84404 


2.991^04 
2.99360  4 
2.99540  4 
2.997194 
2.99^  4- 
3-00075  4 
3 -0025  3  4 
3-004314 
3.00608 
.00785  4 
3.00961  4 

^-011374 
3-01313  4 


10.8431713.01488  4. 
10.84230I3.01663  4 
io..^4i43:3.oi838  4 
io.84056'3.020l2 
10.839703.02186 
10  8388413.02360  4 
10.83797J3-02533  4 
10.8371113.02706  4 


;  0.8362613.02878 


3 <4o!3.o3r5 1  4 

4. 
4 


0.OJ470  io.o3455;3.03222 
0.00472  10.83369.3-03394 
0.00474110.83  284^3.03565 
to.004-6l10.83199l3.03 736  4 
0.00478,10.8311413.03906  4 
0.004 8'.' 10.8303013.04077  4 
o.co^cSi:l0.o2944t3.O4246  4 
0.004 83Jio.8286i'3.044i6  4 
o.cc48s:io.82777'3.04585  4 
0.00487110.82693  3.C4754  4 
o.oo489lio.826o9l3.«4922  4 
0.00491110.025263.05091 
;  0.004^73 1 1  o.  82442J  3.05  2}T' 
:o.oo^95!ic.8235g!3.05426  4 
0.00497^10  82276'3.05593  4 
[0.00499110.82193  3.05  760  4 
"o.oo5Qi!io.82iio^3. 05927  4- 
o.oo503iio.82027l3.o6o;3  1 
o.Os;5 05 ; 1 0.8 1 945 , 3.06259  4 
0.00506  10.81863  3.06414  4 
0.00508  10.81780  3.06590J4 
o.co5io;io.8i698  3.06755  4. 
0.60512  IO.81617  3.06919  4' 
0.00514  10.81535  3-07c84|4. 
0.CO5 1 6  10.81453  3-'07248|4 
0.CO518  10.81372  3.07411  4 
:o.co520  10.81291  3.07575  4 
0*00522  10.81210  3.07738  4 
;o.oo524ic.Sii29  5.07901  4 
0,00526  10.81048  3.0:^063  4 


9349^160 

9347759 

93463I58 

9344857 

93433 

93419 

93404 

93390 

93375 

93361 

93346 

93331 

973^^2 

93302 

93288 

93373 

9325944 

9324443 

9322942 


-93-^15.41 
.9320040 
.93i85'39 
-9317.138 
4-93^5637 


93142I36 

35 


93127 
93112 
93098 
93083 
93068 

9:^5j 
93059 
93024 

93010 

92995 

92080 
92966 

9295"! 

92926 

92922 

92907 
92892 

92877 


92863 
92848 

92833 

92819 
92804 
92789 


92774 
92761 

9*745 
92730 
92715 
92701 


0.CO528  10.80967  3.o«225}4.92o86 
0.00530  10.80B87  3.08387J4.92671  4 
:o.co532  10.80807  3.08550  4.92656 
0.00534  10.80727  3.o8-7io[4.9264i 
92627 
92612 


o.oo>36  10.00647  3.0887114 
o.oo';38  10.^0567  3  09032'4 


(Bi  Deg:) 


Co-fc 


ant   ( 


I 
C 


Si 


Ta2LE  of  Logarithmic 


(9  Beg.) 


M     Sine     iCo-l'ine;  T 


Co-tans:. 


09.1945319.99462 

9.19513J9.99460 

9.1959219.99458 

;.i9672i9.99456 

49.19751  9-9945^ 

5  9-19830  9-99452 

69.199099.99450 


9.I998S  9.99448 
9  20067  9.99446 
9.20145  9.99444 

9.20223  9.99442 


;.203o2 
o.2o.,8r 


9.20458 
9.2053  c 
9- 206 13 
i. 20691 
9.20768 
T??-;.2o84f 
9.20922 
9.20999 
9.21076 

9-»ii53 

9.21229 

i?/M3C^ 

9-2i3»i 
26  9-21458 
^79-215.34 
289.2161C 
299.21685 
09-21761 

9-21836 

32j9-2l9I2 

.^39-21987 

349-22062 

35j9-22i37 

36  9.222  IT 


9.9944 

99943^ 

9.99436 

9  99434 

9-99432 

9.99429 

9.9942 


j>.9942.<f9.2i420 
9.9942 


4^1922583 

42;9.226i?7 
4? 


9.22731 


-et-ant  \  Co-:Vr.  V.  Sine 


9.19971  10.80029 

9.2005310.79947 
9.20134  10.79866,10.00542 
9. 202  r  6  10,79  784J 10-005  44 
9.202971 10. 79  703' 10.00546 
9.20398^10.59622 
9.2045910.79541 
9.20540  ro.79460 
9.20621  10.79379 
9.20701  10.7929'^ 
9.20782  IC.70218 


10.00538110805673 

10.00540  10.80487  3 

10.80408  3 

10.803283 

10.8024913 


10.00552 

10.00554 

r  0.005  5  6 

„,_-., 10.00558 

9.20862110.79138^10.00560 

9.209'42lio  79058 

.21022 

9.2iioi 
9.21182 


9.21261 

)  2I3'IO 


;-9942i 


10.005  48;  10.801 70:3 
10.C0550  1 0.8009 1 13 


r  0.005  62 
'o?jZ(yji  10.00564 


10.78898 
10.78818 
ro.78739 
10.78659 
10. 78 « 80 


9994199-21657 
9.99417  9  21736 
9-994i5'9-*i^i4 
9- 9  94  Jt  3  j  9^2189  3 

9.;'94ili9-2i97i 

9.9940919.22049 
9.9940719.22127 
9  99404!0. 22205 

9.994D2I9.22283 
0.094009.22361 


;.  21499  10.7850! 

9.2157?  10.78422 
10.7834.^ 
ro.78264 


?-99398;9-22438 
9.993969.22516 
7-99394'9-22593 
■^•99392  9-22670 
7.993909-22747 
;-93388,9_2j8i4 
■?-99.v85  9-2290] 
>-993S3  9-22977 
).993Si  9-2305. 


37J9-222or 

3819.22361 

39-9- 224  35 

4o|9.2259-9  ;;99379  9.2313- 

9-993779-23206 

9-093  7C  9-22 


10.7687c  ro.o 


9-99372  9-23359 


9.22805  9.993709.23435 
9-22878  9.^9368  9-235 rr 
46  9.22952  7.99366  9-2358<' 
47b.23025!9.99364  9.23661 
4819.2309819.993629  23737 
4919.231 7  M9-993  S9  9-2381 5 
509.232449-99357923^8: 
•Ji|9-233i7|9-993-55  9-2396^ 
529.2339O19.99353  0.24037 
539.2346219.99351  9.241 12 
5J  9^^3535 19-9 93_4_8  9.24186 
5-5  9.2300719.99346  9.24^61 
569.2367919.993449.7,4335 
579-23751.9-993429.24410 
589.23823:9.993409.24484 


599-a3895;9-99337  9-24558j---/..-T-,- 
60.9.23967  9:99335  9-24632  10-75368 


(Co-fine    Sine.    C 


10.76794 
rc.76717 

10.76641 
[o  76565 
r  0.76490 
10.7641 


10.0056 

TC.00568 

xo  00571 

10.00572 

1 0.00  7  7  >• 


10.00577 
r  0.005  79 
10.00581 

T  0.005  83 

to.  005 85 

10,00587 
10.00589 
ro.00591 
10.00593 
IO.C0596 
10.00598 
1 0.0060c 

to.oo6o2 

TO.OO/)04 
IO.QD606 

ro.o  .608 
10.00610 
ro.oo6r2 


10.00623 
10.C0625 


10.C0628 


10.75739 
10.75665 

ro.75590 
10.75516 

ro.75442 


THhcr. 


IO.8.OI23 
10.799333 
10.798553 

10.797773 
10.796983 
10.796203. 

10.795423 

If- 79465  3 

10.79387 

10.793093. 

10.7923 

10.791553 


10.79078 
10.79001 
10.78924 
ro.78847 
10.78771 


10.7861.^ 
10.78542 
10.78466 
10.78390 
10. 783 1  j 
10.78239 


10.78164 
10.78089 
10.78013 
10.779^8 

r  0.77863 
10.77780 


i.77269 


10.00630  1^.77195 
10.C0632  10.77122  „ 
00634  10.770483 
3 
3 


10.76339  ro.00636  10.77975 
0.76261  10.C0638  10.7690:? 
10.76188  10.00641  JO.768-9  j 

10.00643  10.767563 

10.00645  10.76683  3. 

10.00647  10.766103 

T.0.00649  ^'-'•76538  3 

10.00652  io.76465'3. 

10.00654  10. 76393;3. 

10.00656  ;o.7632ii3. 

1000658110.76248  3; 

iooo66o|io.76i77,'3. 

10.00663JIO.7610513. 

10,00665  10. 76033*3. 


090324.92612 
.091924-92597 
.0935  24.925  82, 
.09512  4.Q2567 
.09671.4-92553 
.098314-9253755 
.099894-9252354 
.101484-92508153 
.i03o6|4-92493J53: 
10464  4  92479151 


10622 
10780 
10937 
.TIO94 
.11250 
1 1406 


4.92464150 
4.92449I49 
4.9243414^  ' 


4-924i9|4 


■2338 
12493 
.12647 
.12S01 


12954 
,13107 
.13260 

13413 
13566 
1.I718 


13870 
.14021 
14173 
1432^ 
14475 
•14625 
1477.'- 
,14925 
•5075 
15225 
'5374 
15523 


Co-fee.  I  Secant    ' 


4.92390 

115624.92375 
.117184-92360 
1 1874  4-92345 

120294.9233041 
12184  4.92315 
4-92300 
49^285 
4.92271 
4.92256 

4-92141 
4.92226 
4.9221] 
4-921 96 
4-92181 
.^.92166 


9215 
4.92136 
4.92121 
'i..  92 1 06 
-^97.091 

92077 
4.9206a 
4.92047 
4-92032 
4.92017 
4.92002 
5l9j987 

491972 
4-91957 
4.91942 
4.91927 
4.91912 
4.91897 

4-91882 
91867 
4.91852 
4.91837 
4.91  "23 
4-91807 


15672 
15820 
'5969 
16117 
16264 
16412 
16559 
i67o(' 
16853 
16999 
17^45 
1729J 

174374-91792 
.„    .,4.9177. 

177284-91762 
78734-91747 

180184-91731 

181624-91716 


V.  line 


40  r 
39 
3y 
37 

1^ 
35 

34 
33 
32 
31 
3^ 


28 

26" 

*5 
24 

23 


M 


(80  B^g.) 


(lO  Beg.)         Sines,  Tangents,  Secants,  &c. 


Ss 


m 


7  ;.i4iio  9-9933^  9-^4779 

37.24181  9-993io  924853 

4  ;.24453  9-99326  9.24926 

9.24324  9.99324  9.25000 

.2419^"  9-9932?.  9-25073 


9.24466 
9-24536 
9.24607 
9.24677 
9.24748 
9.2.>8i 


Sine    ,  Co-line  Tang^ 


23967i9-99335  9-24632  10.75368 
'•24039  9-99333  9-24706  10.75294 


9.24888 
9.24958 
9.25028 
Q.25098 
9.25168 
9-2523 

9-25307 
9-25376 
9-25445 
9-25514 
9-^55^3 

9-25721 
9.2579c 
9.25858 
9-25927 
)-'^S995 
3*9.26063 

9.2613 1 

339.26267 
9-26335 


34 

■19.2640: 
36U  ^f, .-, 


■'^9-20538 
0I9.26605 
9.26672 
9.26739 
9.26806 
19.26873 


39 
40 

42 

43J9.26940 
■HI9.27007 
45j627073 


9  99264  7.26807 
999262  9.26937 
9.992609.2700^ 
9-99257927078  -.,-,— 
,,.       -.,  9-99255  9-27148  10.72852 
3^|9.2647o|9-99252  9.27218 


9.992509.27288 

9.992489.27357 
9.99245  9.27427 
9-9924319-27496 
9-9924 1|9-27566 
Q.';92 -89.27635 


9.993199.25146 
9.99317  9.25219 
9-993^.5  9-25292 
9-993139-25365 
9.993109-25437 
9_^993o8  9-25510 

9-993069.25582 
9-99304  9-25655 
9.99301925727 
9.992999.25799 
9.992979.25871 
9J19294  ?-25943 
9.99292  9.26015 
9.992909.26086 
9.992889.26158 
9.99285  9.26229 
9.99283  9.26301 
9-992819.26372 
9.99278  9^26443 
9.992769.26514 
9.992749-26585 
9.992719.26655 
.;.99269  9.26726 
9.99267926797 


10,75221 
0.75147 
10.75074 
10.75000 
10.74927 
io.>4854 
10.74781 
ro.74708 
10-74635 
10.74563 
10.74490 


10.74418 

»0- 74345 
0-74273 
10.74201 
10.74129 
10.7405 


10.73985 
10.73914 

10.73842 

10.73771 
10.73699 
10.73628 

0.73557 
to.73486 

10.73415 
10-73345 
10,73274 
10.73203 

J0.73133 
10.73063 
10,7299 
10.72922 


10.72782 


48 


.2720^) 

9^nn 

49I9-27339 
9.27405 
9.27471 

9-27537 
9. 27602 
9.2^7668 

9-27T34 
9.27799 
9-27864 
9.2793c 
9.27995 
9.28060 

Co-fine 


^.99:^  9.27704 

9-992339-27773 
9-992319.27842 
9  99229  9.279IIIO' 
:;.99Z26  9.27980  TO 


10.7271 
10.72643 

to  72573 
10.72504 
10.72434 
10.72365 


10.72296 

10.72227 

0,72158 

10.72089 

72020 


9.9  9  2  24  9^^28049;  107195 


9.9922119.2^117110.71883 
9-992i9i9.28i86!io.7i8i4 
9.9921719.28254 10.71746 
9.992149.28323  10.71677 
9.9921219. 28391110  71600 
9  99209'9.28459!^Q-7i54i 


9.99207'9.28527ko.7i47.^ 
9.992049-2859511071405 
9.99202  9.28662  10,71338 
9.99200  9.28730  10.71x70 
9.99197  ;.2S798{l0.7I202 
9-991^5.9  ''^8865jTo  71135 
Sine    iCo-'t:;n,)  Tang," 

FT 


Secant 
10.00665 
10.00667 
10.00669 
10.00672 
10.00674 
to.00676 
10.00678 


10.0C681 
10.00683 
10.C0685 
10.00687 
10.C069C 
10.00692 


10.00694 
10.00696 
10.00699 
10.0070: 
1000703 
io.00706 
10.007^ 
10.00710 
10.00712 
10.O0715 
10.00717 
1000719 

0.00722 
10.00724 
io,oo72{' 

0.00729 
10.00731 
t_0-co73_, 

10.00736 
10.00738 
10.0074c 
10.00743 
10.00745 
10.00748 


Co-fcc,  '  V  iinc 


10.76033  3. 18162  4-91716  60 

10.75961   3.183064-9X701  5y 

To.7589o'3-i845i|4-9i68658 

10.758193-185944.91671 

io.75747;3-i8738l4.9i656 

10.756763.1888114.9-1641 

10.7560513. I9024'4-9l626 

io.75534'3-i9i67!4.9i6ii 

lo.75464'3.i93io,4.9i596 

10-753933.19452:4.91581 

^c.75323!3.i9594|4.9i566 

io.75252:3-i9736j4.9i55i 

I  o.  75 1 82!  3. 19  8  7814^91536 

I'0.75ir2j.200i9 

10.750423.20160 
10.749723-20301 
10.7490213-20442 
io.74832J3-2Ci83 
10-7476313-20723 
10.74693I3.20863 
10.74624I3. 21003 


4.915204 


4-91505 


4-9149045 
4-91475 


10.C0750 
10.00752 
10.00755 
10.00757 
10.00759 
10.00762 
10,00764 
10.00767 
1000769 
ic.00771 
10.00774 
10.00776 


0.00779 
10,00781 
10,00783 
1x00786 
10.00788 
10.00791 


^^•74555 
0.74486 
10.74417 
'0-74348 
10.74279 


321142 
3.21282 
3.2x421 
3.2156c 
,  .    ,^3.21699 

10.742103-21837 

rc.74142 

10.74073 

10.74005 

10.739.37 

10.73869 

10.73801 

10  73733 

10.73663 

i«-73597 

10.735.30 


3-21975 
3.22113 
3-22251 
3:22389 
_  22526 
3.22663 
3.228CC 
3.22937 

3.23073 
3-232IC 


10.73462 
10.73395 
10.73328 
10,73261 
ro.73194 
10.73127 
10.73060 
10.72993 
10.72927 
10.7286c 
10,72494 
10.72727 


0.726* 

TO.  72595 


10.7246; 

10.7239! 
10.7233; 


IC.OO793  10.72266 
10.00796  10.72201 


4.9146043 

4-91445 

4.91430 

4.9I4I4 

4-91399 

4-91384 

491369 

4-91354 

4-91339 
4-91324 
4.9130S 
4.91293 
491278 
4.91263 


3.23346 
3.23482 
3-23617 
3-23753 

3.2388>- 
3.24023 


3.24157 
3  24292 
3.24427 
3.24561 
3.2469 


3  24962 
3.25095 


46 


44 


4.91248 
4.91232 
4-91217 

4-91202 
4.9118; 

4.9££72 
4-91156 
4.91141 
4.91126 
4.91111 
4.91095 
4.91080 


4.91065 
4.91050 
4.91034 
4.91019 
4.91004 


3.24829  4-90989 


-9097. 
4.9095; 


10,72529  3.25229  4.90943 


i  3-25362 
3.25494 
2^62' 


3-25  75  V 
3.25891 
3.26023 


io.o©798  10.72136  „ 

10.C0800  T0.72070  3.2615  5 
3.26286 
3.26418 


« — I   ' — ' 
0,00803110.72005 

10.00805110,71040 


Co-fee,  '  bcc?int 


4-9092 
4.90912 

4.9089- 
4.9088I 
|.yc86o 
4.90851 
4.90836 

J, 908 20 
4.90805 

V.  f-nV 


(79  ^PSO 


84 


Table  of  Logarithmic 


(II  Beg.) 


M'  Sine 


091.2806c 
19.28125 
29.28190 

3  9-^8254 
4;9.283i9 
59.28384 

6  9.28/1^8 


9-99195 
9.99192 
9.99190 
^99187 
9.99185 
9.99182 
9.99180 


79.28512 

819-285 -7 

9I9.28641 

1019.28705 

1119.287^19 

129.28833 


9.288>6 
9.2S960 
9.29024 


-fine 


9.28865'-io.7ii.i5 
9.2893310.71067 
9.29000  10.71000 
9.29067  io.7og33 
9.2913410.70866 
9.29201 10.70799 
9.29268  10.707-2 


9-9;^i77 
9-991 'i 
9.90172- 

9.9.^167 
99916 


9.9016  i 

999'6c 
i9-99i57 


o.2Qo87;9.09r5 
9-29150:9.9915 

9-^~92r4;9.99x<; 


Tuntr.  iCo-tano;.    Secant      Co-lc 


9.29277,999x47 
9.2934019.9914 
9.29403'9.99i4 
9.29466  9.9914P 

9-29529  9-9913 
9^.95919-9913 


9-^9654:99913- 
9-2971619.99130 

9-297799-99127 
9.2984 1,9. 99124 
9.29903I9.991C., 
9.29966:9.09119 


9.3002819.99x17 
9.300909.99114 


33  9-3015  J 

34  9-30213 
9-30275 
9-30336 

9-3039^ 
9-30459 
9-30521 
9-30582 
9.30643 
9.30704 


iS 
3^ 
.?7 
38 

39 
40 

41 

42 

43 
44 
45 
46 

47 
.-8 

49 
5C 
51 
52 
53 
54 
55 
56 
?7 
58 
59 


9-30765 
9-30826 
9-30887 

9-30947 
9-31008 
9.31068 


9.99112 
9.99109 
9.99106 
9.99104 

9-99IOI 
9.96099 
9.99096 

9  ■9)^^)3 
9.99091 
9.99088 


9-29335,10.70665 
9.2940210.70598 
9  2946810.70532 
9-29535,10  70465 
9.2960:' 10.70399 
>.29668  10.70  V32 
9' 29:' 34  JO.  70266 
9.298oo;io.702oc 
9.2986(^^10.70134 
9.29932110.70068 
9.299  ;8;lo.7ooo2 
9.30o6Aii3.6v936 


10.00805 
10.0080F 
X  0.008 10 
10.00813 
10.00815 
ro.oo8i8 
10.00820 


10.00.82'^  10.7 


10.71940 
10.71875 
10.71810 
10.717J6 
10.7168] 
10.71616 
10.71552 


3.264184.90805 

3'^(>549 
3.2668c 
3.26810 
3.26941 
3-27072 
3.27201 


;.3oi.'.o 

9-30x95 
9-30:101 

30391 
9;,m^ 
9-305-- 
9  y-^^^^, 
.3065  r 
9.30717 
9.30782 
9.3084^. 


9 3091 i 

9-30975 
9  3104c 
9-3 1 104 
9-3H68 
9-31233 


lO.f)';^;-. 
.10.69805 
10.69739 
10.69674 
10.69609 
r  0.695  40 


10.694-,  f- 
to.  6  94 13 
10.69348 
10.69283 
rj.69218 

10.691  KA 


10.6908^ 
10.69025 

io.6i;>96o 

10.6689,6 
ro.68832 

0.68-67 


9.99086 
9.99083 
9.99080 

9.99078 

9-99C75! 

Q.99072I9 


9-31297 
9-31361 
9-31425 
9-31489 
9-31552 
9^3^6l6 

9.31679 

9-3174^ 
9.31806 
9.31870 

9-319.33 
19961 


10.68703 
10.68639 
10.6S575 
10.68511 
T0.68448 
io.6S38_4 
10.68321 
10.68257 
10.68194 
10.68130 
10.68067 
ro.68004 


[0.C082.T' 
10.00828 
1 0.008  ;,o 
10.00833 
i,-..oo835 


10.00^38 
10.0C840 
10.00843 
1 0.0084,5' 
10.00848 
10.00850110.7078^ 


10.71423 

10.71359 
10.71295 
10.7 1 23 1 
I10.71167 

10. 7 1 104 
I  o.-/ 1040 
10.70976 
10.70913 
o.7c8sc 


3.27331 
3.27461 

327590 
3-27720 
3.27849 
3.27978 


10,0085  ijlc. 707 23 
10  0085.5I  10.70660 
10.0085  8110.705  9- 
10.008601IO.70534 
io.ooS63;io.  70471 
10  00865  10.70409 


io.-,o868: 10. 70346 
0.00870,10.70284 
io.co873;io.7022i 
ro.oo876Jio  70159 
10.008  78;  10.70097 
io.cc88i!io  7003 

rr:s3T8.?  1 
X0.00886 
io.00888 
,19.00891 
0.00894 
10.C0896 
10.00899 
0.0090* 
10.00904 

io,oo907[io.694i8 
10.00909  10.69357 
10.009 1 21 10.6929(1 


4.9079c 
4.90774 

4.90759 
4.90744 
4.90728 
4.90713 


3.28106 
3.28235 
3-28363 
3.28492 
J. 28620 
3/28747 
3-28875 
3.29002 
3.2913c 
3-29257 
329383 
29510 


4.90698 

4.90682 

4.90667 

490652 

-90636,., 

4.90621  j4  8 


4.91^605 

4.90590 

490575 

4-90559 
.90544 


4.90529'42 


4-90513(41 
4.90498,140 
4.90482I39 
4.90467138 

4-90451137 
4.90436I36 


'•29^37  4  9042ij35 
3-2976314.90405 134 
3-2988914.90390:33 


3-30015 

3-30141 

'.  3.30266 


'99723-30392 
10.69910330517 
10.69849  3.30642 
10.6978713.30767 
10.69725I3.30891 
10.69664J3. 31016 


10.696023  31140 


10.69541 
10.69479 


■31264 
.3-31388 
3-31512 
3.31635 


10.009 14 

•10.0091 


10.00920  10.69TI3 

16.0C922  10.69053 

'10.00925  10.68992 

I0.0092'8iI0.68Q32 


10.6923^ 
10.6917 


9-31129J9.99070 
9.3ii89j9.99c6 


9-3ia5o 
9-31310 
9-31370 
9.31430 


9.99064 
9,99062 


9.32059110.67941 
9.32122  10.67878 
9.32185  10.67815 
9.3224810.67752 


9-99056 


10.00938 


9.99059  9.32311 10.67689  10.00941 


0.3237.5110.6  7627!  10.00944 


9.31490  9.99054  9.32436;lo.6'7564 
9-31549  9-9905  iJ9-32498jio.67502 

9.3I609I9.99048I9-3256IJ10.67439 

9.3i669|9.99046:9.32623'io.67377 
9.3172819.99043  9.32685  10.67315 
9-31788:9.99040.9.32747,10.67253 
|C.o-iinf;i     Sine    Co^^tanTl    Tannic. 


10.00946 
10.00949 
10.00952 
10.00954 
10.00957 
10.00960 


Co-lec.  '  Secant 


3.31882 

3-32005 
3.32128 
3-32250 
3-32373 
3.32495 
32617 

3-32739 
3.32861 
3 -,^39  8  3 
3-33104 
3-33226 
T0.68510  3  33347 
10.6845  ii3-33468 
10.68391,3.33589 
10.68331*^.33700 
10.68272;  3-33830 
10.68112' 3.3395c 


10.00930  10.68871 
10.00933JI0.68811 
10.00936  10.68750 
10.68690 
10.68630 
10.68570 


^-90374!  3  2 
4-90359J31 
4.9034313 


4.90328.29 
4.90312^28 
4.9029727 
4.9028126 
4-9026625 
4.9025024 


4.90235J23 

4.9C2I9|22 

4.90204|2i 
4.60188,20 
490173,1? 


3-3175914-90157  £8 


490142.17 
4.90126  16 
4.901  ri|  15 
4.90095' 14 
4.90080^13 
4.90064  12 

4.90049  11 
4.90033  I 

4.9001 
4.90002 
4.89986 
89971 


18   9 


4-89955 
4.89940 
46992.1 
4.89909 
48989^ 
■89877 


12  Deg.)       Sines,  Tangents,  Secants,  &c. 


»s 


Sine     ,Cf)- f.ppf  Tan < 


9.31788.9.9^040 
9.3i847l9-9903S 
9.31907I9.99035 
9.319669.9903- 
9.3202519.99030 
9.320849.99027 
9.32i4.r9-99^^4 


9-3^747 
9.32810 

9-3-872 


9.322029.99022 
9  32261*9.99019 
9.323199.99016 
9-32372;9-99oi3 
9-32437'9-990ii 
9-33495i9-9900^ 


9-325^3^9-9900-5 
9.326i2[9.99002 
9.32670,9.99000 
9.3272819.98997 
9.327,869.98994 
9.32844  9-9^99  J 
9.32902  9.y«9S9 
9.329609.98986 
9.33CI  8  9.98983 
9.33075  9-989S° 
5  9-33 13319-9897^ 


H 


|9-.^3?9c 


9-33 '^48 
9-3330. 
9-333<^i 
9-3342C 

9-33477 
9-3.1534 


9-33591 
9-33647 
9-33704 
9-33761 
9-33818 
9-3387^ 
9-33931 
9-33987 
9-34043 
9.34100 
9-34156 
9.3421: 


9.34266 
9-34324 
9-34380 
934436 
9-34491 
,9-34547 
49[9.346o2 


19-34658 


-5^9-34713 
I9-34769 


5  2 


[549.34879 


•4!9-34934 
|56;9.34989 
'^7^9.35044 


9.98^ 
998972 
9.98969 
9.98967 
9.98964 
9.98961 
9.98958 


Co"taiij)^. 
1067253 
10.67190 
ro.67128 


9-3^93j|io.67o67 
9-32995!  10-6  7005 
9-330-57:io.6694,-' 
9.-,3iX9'lo.66o8f 
9.33150:10.66820 
9.3324210.66758 
y-33303iio.66697 
y-33365110.66635 
9-33426jio.665}4 
933487I10.66513 


9-33548^10.66452 
9.336091x0.66391 
9.33670110.66330 
9-33731 10.66269 
9-33792  10.66208 
9J3853ii''-^)6i47 
10.66087 


933913 
9-33974 
9-34034 
9-34095 


10.66026 
10.65966 
10.65905 


9-34155-10.65845 

9-34215  i^-^-J*/ 85 

9-34270 

9-34336 

9-34396 

9-34456 


becant 
I  coco  60 
X0.00962 
10.00905 
10.C096S 
10.009  7c 
10.00973 
10.C0976 


10...  -9,8 
IO.009S1 
10.00984 
10.0O987 
IC.00989 
10.00992 


934576 


^-9^95519-34636 
9-?8953'9-34<595 
9-9^''95o;9-34755 
9.989479.34814 
9.989449.34874 
9.98941  9.34933 


9.98938 
9-98936 
998933 


9-34992 
9-35C51 
9-.351 


89309-35170 
?-98927;9-35229 
9.v8924:9-.15288 


9.9892119-35346 
9.98919I9-35405 
9-9891619-35464 
9.989 13:9-.355  23 
9-98910  9.3558X 
9.98907  9-35640 


;;. 98904^-35698 
9.9890119-35757 
99889819-358x5 
9-98896|9-35873 


5319.34824  9.98393*9-35931 


9.98b90J9-35989 


9.9888719-36047 
9-98884J9-36io< 
9-9888i!9-36i63 
.58'9  35099'9-98878)9-3622i 
.59:9  351549-9887519-36279 
^'9-35209  9-Q887-i!9.36336 

i Co- line     '5sne„  Co-tan. 
-^■r--T-sr-~* — ■ 


10.65724 

10.65664 

10.65604 

10.65544110,01036 

io.65484lio,oio3( 

ro.65424l10.ci-4! 


10.65365  |io.oxo45 
10.65305110,01047 
10.65245  Jio. -105c 
io65i86'io.oio53 
10.65126I10.01056 
10.650671X0.01059 
10.65008J10. 0x062 
10.64949110,01064 
10.64889  10.0x067 
10  64830  10.01070 
X0.64771JI0.01073 
10.64712. 10.01076 


10.64654  i 0.0x079 

10.64595JX0.0108X 

10.64536  10.0x084 

10.64477  10.CI087 

10.64419JI0.0X090 

X0.64360I10.01093 

X 0.64302  X0.01096 

10.64243' 

X  0.64185 

10.64127 

10.64069 

10.640XX 

10.63953 

10.63895 

1063837 


10.0x099 

X0.0IX02 
XO.OIIO4 
IO.OIIO7 
XG.OIIIO 


Co- fee. 

X0.682X2 

X0.68153  3 
X0.68093I3 


•'.J  II 


10.68034 

10,67975 

IC.679I6 
ro.67''<57 


X  0.67798 
10.67739 
X0.6768X 
10.67622 
10.67563 
X0.67505 


10-67447 

10.67388 
10.67330 
10.67272 
XO.67214 
X0.67I56 


X0.67098 
XC.67040 
£0.66982 
10.66925 
10.66867 
X  0.668 10 
10  66752 
xo  66695 
XO.66638 
10.66580 
10-66523 
XO.66466 
10.66409 
10.66353 
X  0.66296 
X  0.66239 

10.66183 
X0.66I26 


10.66069 
xo  66013 

10.65957 

ro.659oc 
10.65844 
10.65  78» 

^0-65732 
10.65676 
X  0.65  620 
10.65564 
X  0.65500 
10.65453 

'i^(>j39^ 
10.653^2 
X0.6528; 
10.65231 
10.65176 
f  0.6c  121 


10.011131 
10.01  ixd 

10.01  IX 


j395o 
.34070 
.34190 
.343IC 
•34429 
34549 

.-.66;; 


.1.89877,60 
4.89862159 
4.89846I58 
4.89831157 
4.89815156 

4-89799'55 
'4.8078.^54 


34/^7 
34906 
35025 
35144 
-35262 
35380 


35498 
35616 
35734 
35852 
35969 
■36087 


36204 
36321 
36438 
36554 
3667] 
36787 


4.o97u« 
4.89752 

4.89737 
4.8972  [ 
4.89705 
4.89690 

4.:>9674 
4.89658 
4.89643 
4.89627 
4.896IX 
1.89596 


4-895^50 
4.8956. 
4.89549 
489533 

4.89517 
4^95  ox 

4.89486 
4.8947c 
4-89454 
4.89439 

^.89423 


38969 
3908: 

39^95 
39.io8 
39421 
39s  3  4 
39646 
39759 
39871 
399^3 


^. 89202 

4.89186 

4.89171 

4-<>9i55, 

4-89139 

4-g9t23|t2! 

4.89107 

4-89091 

4-89076 

4.89060 


3.^0095  4-89044 


3.4020; 


10.63779110.01122 
10.6372ijXO.01 125 
10.63664I10.01178 


10.05066 

10.65011 

xo.64^56J3, 

X0.6490XJ3 

io.64846'3, 

10.6479113. 


40319 
40430 
40541 
40653 
40764 
40X75 


ranofcnt  |  Co-lcc.  i   Secant 


4-89028 


4.09012 
4.88906 
4-8893X 
488965 
4-88949 
4-88933 
V.  sVnci:Vi 


br^4~'j 


S6 


Table  of  Logarithmic        (13  Deg.) 


Sine     jCo-linel  Tan^:. 

9-35209 19.98872  9-3c>336 
9-35263i9.98869  9.36394 
9-3531819.988679.36452 
9-.35373.9-98864  9.36509 
9-35427l9-9886i  9-36566 
9.3548119.988589-36624 
9-35536|9.988i»s;  9.36681 


Co-tan 
0.63664 
0.63606 
0.63548 
0.63491 

C.63434 
0.63376 
0.63319 


9-35590 


8935644 
99-35698 

109.35752 
1 1 9- 35X06 


9.9^5852  9.J073 


9.988499.3679^ 
9.98846  9.36857 
9.98843  9.36909 
9.988409.36966 
ia'9.3586o!9  9^83?  9.3702 

^9-35'?i4  9-9^^34  9-3708C 
i4'9-35968  9-98^31  9-3718- 
r5:9.36o22  9.98828  9.37193 
16:9.360759.9882.5  9.37250 
1719.361299.988229.37309 
i8|5V36^82  9.98819  9-37363 

9!9-3623' 
20J9.36289 
219.36342 
229-36395 
239-36449 
24I9-36502 


259-36555 
26I9.3660; 
27J9.36660 
28J9.36713 
299.36766 
309.36819 
319-36871 
32936924 
339-3697^ 
349-3702; 
35|9-37o8i 
36(9-3  7133 


9.988169.37419 
9.988139.37476 
;.988ic  9.37532 
9.98807  9.37588 
9.9880^  9-37644 
99880 J  9:3222^ 
9.9879S  9.37756 
9-987959-37812 
9.987929.37868 
9.987899.37924 
9.987869.3798c 
9-98783  9.l8o3.< 
9.9878c  9.38091 
9-3«i4/ 
9.987749.38202 
9.987719.3^257 
3 


9.987689.383  .. 

9-98765  9:38_36o 
3719.37185  9-9876:  9-3842^ 
3819-37237  9-98759  9-38479 
399-372899.987569-3853^ 
409-373419-987539-38589 
.^ I  9-37393  9.98750  9-38644 
429-37445  9-98746  9-3 86 9. V 

43I9-37497  9-98743  9  3»754 
44|9.37549  9-98740  9.38805? 
459-376009.987379-38863 
4619.376529.987349.3891^ 
93770319.987319-38972 
9-3775.S'!9.98728  9.39027 
i9-378o6;9.9«725J9  39cb2 
:9-37858  9.98722j9.39i36 
,9-37909,9.987199-39190 
:|9.3796o:9.987i5  9-39245 
.39-3^0119.987129.39^99 
54I9-38062  0.98709  9.39353 


559.38113  9.9^706  9.39407 
5619.38164  9.98703  9.39461 
57I9.38215  9.98700  9.39515 
58:9.382669.986979.39569 
599.383179.986969.39623 


6o|9^38368  9.986909.39677 
o-finf!'  Sine     'Co-tdiii.' 


r 


0.63262 
0.63205 
0.63148 
0.65091 
0.63034 
0.62977 
0.62920 
0.62863 
0.62807 
0.62750 
0.62694 

c. 62637 


0.62581 
0.62524 
0.62468 
0.62412 
0.62356 
0.62300 


0.62244 
0.62188 
0,62132 
0.62076 
0.6202c 
0.61965 


0.61909 

0.61853 

C.6I798 
0.6174-.; 
C.6I687 
0.61632 


0.01577 

0.6I52I 
0.61466 
0.6 141 1 
0.61356 

0.61  501 


0.61246 
0.6II92 
0.61 13; 
0.61082 
0.61028 
0.60973 
0.60918 
0.60864 
o.6c8io 
0.60755 
0.60701 
o  60647 


0.60593 

0.60539 
0.60485 
0.60431 
0.60377 
060323 

angent 


aecant 
I0.0I128 
10.01131 
10.01133 
10.01136 
10.01 139 
I0.01142 
I0.01145 


10.01 148 
10.01151 
I0.01154 
10.01157 
10.01160 
10.01 163 
I0.01166 
I0.O1169 
ro.01172 
10.01 1 75 
10.01 1 78 
10.011.  I 
ro.01184 
10.01187 
10.01190 
10.01 193 
1 0.0  n  96 
IO.OII99 
10.01202 
10.01205 
10.01208 

tO.Ol2II 
IO.OI2I4 
10  OI2I: 


10.01254 
10.01257 
IO.CI260 
10.01263 
10.01266 
10.01269 
10.01272 


10.01275 
10.01278 
10.01281 
10.01285 
10.01288 
10.01291 
10.01294 
10.01297 
JIO.OT300 
XO.OI303 
10,01306 
IOCI3IO 

Co-l'cc. 


Co -fee. 


0.64781 
0.64737 
0.64682 
0.64627 
0.64573 
0.64519 
0.64464 


0.&4410 
0.64356 
0.64302 
0.64248 
0.64194 
0.6414c 
064086 
0.64032 
0.63978 
0.63925 
0.63871 
063818 
0.63764 
0.63711 
0.63658 
0.63605 

0-63551 
0.63498 


3.40875  J4.88933  60 
3.409864-8891759 
3.41096  4.8890i!58 
3.41207  4.88885157 
3.41317  4.88869  56 
3.4x4274.^885355 
3.415374.3883854 
4.888 


3-4^647 

3-41757 
3.41867 
3.41976 
3.42086 
342195 


0.63445 

0.63393 

0.63340 

0.63287 

0.63234 

0.63x81 

0.63129 

0.63076 

0.63024 

0.6297 

0.62919 

0.62867 


0.628x5 
0.62763 
0.62711 
0.62659 
0,62607 
0.62555 


0.62503 
0.62451 
o  62400 
0.62346 
0.62297 
0.62245 


0.6219.: 
0.62142 
062091 
0.6204c 
0.61989 
o.6i93c< 
0.018^7 
0.61836 
0.61785 
0.6173^ 
0.61683 
0.616^2 


V.  Sincl 


22  53 

4.8880652 
4.8879051 
4.8877450 
4.8875849 
4.0874248 


342304 

3-42413 

3.41523 

42631 

3-42759 
3-42848 


3-42056 
3-43064 
3-43172 
3.43280 

3-433^8 
3-43495 


3-43603 
3-43710 


3-44138  4-8845. 
3.44245  4.88438 
3443514.88422 
3.444574.88406 
3.44564  4.8839c 
3.446704-88374 
3.44776  4-8;J358 
3.448821^-83342 
3..H988  4-88326 
3-45093^-88310 
3.451994.88294 


4.8873647 
4.8871046 
4.88694  45 
4.8867844 
4.88662  43 
4.88646 
4.88630  41 
4.88614  4c 
4.88598  39 
4.88582  38 
4.8856637 
4.8855036 

3S 

34 

33 

3 

31 

30 


.88534 
4.88518 


3.43817  4-88502 
3.43924  4-884S6 
3.440314.88470 


3.453044.88278  19 
3.4541014-88262  18 

17 
10 


3.455 15I4.88246 
3.4562014.88229 
3.457244.88213  15 
3-45829J4-88197 
3.4593414.08181  13 
3.46o38i4.^-i5x65  12 


^46l43j4.8bl49  II 

3.46247'4.88l33 

3.46.35114.88117 

3.46455  4;88l 01 

3.46c  59'4.88o84 
3.46662'4_88c68 
3.46765  4- «8o5  2 
3.46869'4.88o36 
3.4697314.88020 
3.47076J4.88C04 

3.47l79'4-8799'^ 
3.47282^-87971 


l\.  Sine 


rr 


(76  DcgT) 


(  Beg.  14)     Sines,  Tangents,  Secants,  &c. 


87 


c^ 


M     Sin' 


9.3!^4i8 
9.38469 
9-38519 

9.38570 
9.38620 
9.38670 


9 
9 
9 
9 
) 
9 
9 
9.387x1  9 

9-3^7719 
9.388219 
9.38871  y 


98690 


.98684 
.98681 
.98678 
.98675 
.98671 


Tang,  f  Co-tan. 
9.39677Jior6o323 

9-39731  io-^Oi^9 
9-39785lio-6o2l5 
9-39838iio.6oi6x 
9.39892110.60108 
9-39945  10-60055 
9.3999911  :f6ooor 


Secant 


.9866819.40052,10.59948 
.98665  9.40106  10.59^94 
.9866119.40159^0.59841 
.986s:9l9-40»i2  10.59788 
9  38921J9.98656I9.40266  10.59734 
9.3897r|9.986f2!9.403i9  ^^9^^ 


9-393199 
9-39360  9 
9.394189 

9-3946719-/ ,^-T— r.  .,-.... 

9-395 1 7i  9-9^6x719.40900  10.59100 

9-39566;9 

9-39<'\f5l9 


.986409.40531  10.59469 
.98636J9.40584  10.59416 
,98633  9  40636  10.59364 
"986309.40689  10.59311 
.9262719.40742 

.98623'9-40795 
.986^09.408 


10.59258 
10.59205 
10.59153 


9.3966; 

9-39  7  ^^ 
9.39762 
9.398TI 
9.39860 

9  39909 
9-39958 
;;..VOOo6 
9-^0055 
9.40103  9 
Q.fo  tl;^\<J 


10.59048 
10.58995 


9.390-21  |9.9804.;|9.4O373  ic.59628 
3907119.986469.40425  10.59575 
IS  9.39121I9.98643I9.40478  10.59522 
169.3917CJ9 
179.3922019 
ff  9.. 7927019 

19 
20 
21 
22 
23 
24 

^5 
26 
27 
28 
29 
30 
3i 
3^ 
3i 
34 
35 
3(^ 
37 
3^ 
39 
40 

41 
42 


9861419-4095^ 
.986io|9.4r"c'o5 
.931)079.41057 
.986o4i9.4iio9 
.9S6oi'9.4ii6i 
-9^59719-4 1 214 
.985Q4'9-4i266 


9^59ij9-4i3i8 
,98.58819.41370 
98584I9.41422 
9858119.41474 
9857819.41526 
98574:9.41577 


y.  40 200  9 
9.40249  9 
9.40297 
9-40346 


9-40394 
9- 4044  z 
'43  9  40490 
•'^9-40538 
45  9.40586 
9.40634 

47  9.iJo68i 

48  0.407-50 

49 
50 
51 

52 
53 
54 

5 

s(> 

57 
58 
59 

60 


9.40778 
9-4o8z5 
9.40873 
9.40921 
9.40968 
9.41016 


0.41063 

9.41111 

9.41158 

9.41 20J  9 

9.412529 

9.413009 


.9857i;9-4i629 
.98568,9.41681 
.98565;9-4i733 
.9856ii9-4i784 
.98558]9-4i8.^6 
'•9^5.^5i9-4i887 

98551  9-41939 
,985489.41990 
9  "5 45  9-42041 
.9854119.42093 
'  9-42144 
9.42195 

9.42246 
9-42297 
9.42348 
9-42399 
942450 
9-42501 


Co- line'    ! 


■9853'o 
.9853J 

98.S3i 
.98528 
•9^525 
.98521 
-98518 
985Jt5 

•9S511 
.98508 
.98505 
•98501 
,98498 
■98494 
Sine 


10.58943 
10.58891 
10.58830 
10.58786 
10.58734 


10.01390 
10.0x393 
10.01396 
10.01399 
10.01403 
10.01406 


10.586^)2 
X0.5C630 
10.58578 
10.58526 
10.58474 
10.58422 

10.58371 
10.58319 
10.58267 
10.58216 
10.58164 
10.5811^ 


10.58-61 
10.58010 
10.5  7959 
10.57907 
10.57856 

10.578:^5 


10.57754 
10.57703 
10.5765s 
10.57601 
10.57550 
10.5  7499 


9.42552  10.57448 
9.42603  10.57397 
9.42653  10.57347 
9.42704  10.57296 
9-42755  10.57245 
3.42805  10.57195 
Co-tan.  Tanijent 


10.013x0 
10.0x3x3 
X0.01316, 
10.0x319 

XO.OX322 

10.01325: 

10.0x329' 
10.01332; 

10.01335! 
10.013381 
10.0x341: 
10.01344' 
XO.OI348 


10.0x351 

10.01354 
10.0x357 

XO.OI360 
to.01364 
IO.CI367 


10.01370 

I.X01373 

io.oi3'J7 
10.01380 
10.0x383 
xo.or^86 


10.01449 
X0.0X452 
10.CI455 
10.01459 
10.01462 
10.0146'; 


Co-fee^ 
0.61632 
0.61582 
0.615  3 1 
0.6148X 
0.6x430 
0.61380 
0-61330 
0.6x279 
0.61229 
0.61 1 79 
o  61129 
0.61079 
o.6xo2y 
0.60979 
0.60929 
0.60879 
0.60830 
0.6078c 
0.6073c 


10.01469 
10.01472 
10.01475 
10.01479 
10.01482 
10.0x485 


10.0x489 
10.OT492 
IC.01495 
10.01499 
10.01502 
T0.01506 


Co-fee 


0.60681 
0.60651 
0.60582 
0.60533 
0.60483 
0.60434 


0.60385 
0.60-5 -^6 
0.60387 
0.60238 
0.60189 
0.60140 
0.60091 
0.60042 
0.59994 
0.59945 
0.59897 
o.598_48 
0.50800 

0.59751 

0.59703 

C.59654 
0.59606 
0.59558 


0-595IO 
0.59462 
0.59414 
0.59366 

0.5931^ 

0.5927c 


C.59222 
0.59175 
059127 
0.59079 
0.59032 
o.;8c 


0.5893  7 
0.58889 
0.58842 
0.58795 
0.58748 
0.58700 
Secant 


V.Sine 


3-47X82 
3-47385 
^47487 
3.4759'- 
3-47692 
3-47795 
3-47897 


3.47999 
3.48101 
3.48203 
3-48305 
348406 
348508 
5.48609 
3.48710 
3.48811 
5.48912 
3.49013 
^ -491^4 
3492i"5 
3-49315 
3.49416 
3.49516 
3.49616 
5.4Q716 


3.49816 
3-49916 
3500x6 
3-501x5 
3-502x5 
3-503144 

3-50413 
3-505 1 3{4 
.^5  06  Ilk 
3.507x04 

50^94. 

5090814 


87971,00 
87955159 


^7939 
879^3 
87907 
87870 
87894 


58 
57 
5f>. 
55 

87«58!53 

8;  842*52 
87826151 
87809I5C 

8779349 

8777748 

87767, 

87745. 

87728 


^.,^-45 

87712I44 
87696143 
87680I42 
87663i4i 
8764714c 

87631139 
876x.1l  58 

87598137 
87582I36 

8/560  35 

87549 

87533 

87517 

,87500 

^248_4 

.87408 

■87451 

•87435 

.87419 

.87402 

.8-T^f-;6 


3.5x006 

3-51105 
3-51203 
351.^.014 

3-5I4COI4 

3.5249Sjl 
3.515954 
3.516934 
3.517914 
3-518884 
3.519864 
3.5208314 


34 


U7370 

87.55312 

8733712I 

87321 

87304 

8-288 


3-5  2 1 8oJ4 
3-52278I4 
3-52375i4- 
3-5247114 
3-525684 
3.5266514 


3.5^761 
3.52858 
3-52054J 
3.53050 
3.53 147 14. 
3.53243  4. 


87272 
87255 
87239 
87222 
87206 
8-X90 

^7173 
87157 
.87140 
.S7124 
.87108 
•87091 
.87075 
.87058 
.87042 

.870-^5 
,87009 
86992 


19, 
18* 

X 

16 

I"; 


Mi 


(75  Deg.) 


S8 


Table  of  LogaritHi; 


IV 


(15  Beg.) 


9.413009.98494  9  42809110.57195  jio.01506 

9-4r347l9-9^49J  9-42856|ro.57i44Jio.oi509 
10.01512 
10.01516 

10.01519 

9.98477  9.43057110-56943  10.01523 
9.9847^1  9.43io8;io.56892  ro.01526 


9.4I394I9.9848B  9.42906IIO.57O94 


iCo-fim 


9.4T441J9.9848J 
9.4I488  9.98481 
9- 4 15.1 5 

';4T582 
9.41628 

9-41675 
9.41/22 

9.41768 

9.4x815 
9.4I86I 


9-9^457 
9-98453 
41908  9:^^ 

9-41954:9-98447 
9  42001  9.98443 


9.4295710.57043 
9.43oo7{io.56993 
9.4305  7|  10.56943 
9.43 108;  10.56892 


9.43152110-56842 

9.43208110.5679?, 

,.-,„^„,  5.43258,10.56742 

9.98460  9.43308110.56692 


9.9847  T 
9.98467 
9.98464 


9-43558 
9.43607 
9-43657 

9-4370' 
9.4218619.984299.43756 


'^p 

9.420479.98440 
,  9-4i093  9.98436 
1819-421399.9843- 
19 


9.42232'9.98426  9.43806 

9-4237  8J9.9S4229.43S55 
.2:9  42324,9.98410  9-43905 
i3;9-423 70,9.98415  9-43954 
24  9'424r6  9.98412  9..^4004 

"T^  9.4246119.98,1^' 


Tantj.  [Co-tanc:  I  Secant   1  Co-fee. 


9-4335  ^j  ^=='•5  6642 
9.434o8iio.56!;92 


9-43458  ^<>-5^>542 
9.4350810.56492 


9.4405110.55947 


10.55898 
rO.55849 

10-55799 


9.44250JI0.55750 
9.44299|io  55701 


a6  9-42507i9. 98405  9.44102 

27  9-42555'9.98402  9.44151 

28  9-42599  9-98398  9.44201 

29  9  42644  9.98395 

30  9-42690  o.nSjjQT  ,.^^^, ,,-- .^..,  _ . 

31  9-427.35  9.9^3«8|9.44348|'.i 0.55652 
329.42781  9'98384i9.44397|ro.556o3 
3.V9-42826  9.9838119.44446110.55554 

14  9.4287a  9.9837 7,9.44495  10.55505 
!5  9-42917  9.9837319.44544  10.55456 
;6  9.42962  9. qS37o^9..i4<;92Jio.554o8 
!j7;9-43007  9.98366,'9.44640j;ro.55359 
3^  9-43053  9-9^'^^3  9  44690  10.55310 
39  9-43098,9.983599.44738  IC.55262 
40,9-4314^9-98  >55  9-44787Jio.552T3 
4ij9-43i8o9.98352;9.44S36iio. 55 164 
h^jZlllili  9;£i^ 9-448o4jlc.55 1 16 
!43'9-43278  9-9S345|9-4493.?|io^55o67 
f44  9-43323  9-98341 9.44981  10.55019 
[45.9-43367  9-98338,9.45029|io.5497i 
[46;9-434i2  9. 983349, 45078110.54922 
4719-43457  9-9'^33r,9-45i26ro.54874 
48.9.43502  9.983 2^7|9^45i74!io.54826| 
49i9.435-46  9.98324'9.4522  2|io.54778 
.f  0^9-43591  9-983209.4527110.54729, 

51  9-436.35  9-98317  9-'!53i9  10.54681 

52  9-43680  9-98313  9-45367  10.54633! 
5319-43724  9-98309  9-45415  10.54585J 
54  9-43769  9.9R3c6'9.45463!to.54537| 

9-43813  9-98.102  .;.455 11 
9-438579.982999.45559 
9-43901  9-98295^9.45606 
9-439469.98291:9.45654 
9.43990  9.9828S  9.45702 
_  9^44234 '9^98284:9.45 750 
Co-liuc  i  kjine.    jCo-tan. 

■^(74  Deg.) 


10.01529 
1001533 
10.01536 
ro.01540 
10.01543 
1001.54/ 
10.01550 
10.01553 
10.01557 
ro.0T56o 
10.01564 
10.01567 


ro.01571 

10.01574 

10.01578 

10.01581 

10.01585 

10.01588 

10.01591 

10.01595 

10.01598 

io.or6,oiiio.574oi 

io.oi6o5Jro.57356 

lo  01609,10.57310 


10.58700 

1058653 
10.5  S606 

10.58559 

10.58512 

10.5846c 

10.58418 

10.58372 

10.58325 

10.5827813 

10.5823213, 

10.58185I3 

i^^5_8iJ9|.l 

10.5809213 

10.58046 

10.57999 

ro-57953 
10.579-07 
10-57861 
10.57814 
10.57768 
10.57722 
10.57676 
10.57630 
-l^-lZ-5^4 
i°-57539 
10-57493 
10-5  74?  7 


lo  01 6 1 2; 
10.01616 
10  C1619 
10.01623 
ro.01627 
10.01630 
10.01634 
1001637 
IO.Ol^4I 
10.01644 
1-.01648. 
10.01651 


10.57265 

10.57219 

10.57174 

10.57128 

10.37083 

10.57038 

io.56?93J3 

10.56977:3 

IO.56902I3 

10.5685  7|3 

ic.568i2}3 

10  c6767'3 


5-55702  4 

5-55  795 

5-55888 

5-55981 

5-56074 

5.56167 


10.54489; 
10.544411 
10.5  J394i 
10.54346! 
10.542981 
10.54250; 


10.01055 
10.01658 
10.01662 
10.01666 
10.01669 
10.01673 
10.01676 
10.01680 
10.016S3! 
1 0.0 1 68  7 : 
10.01691 
10.01694I 
10.01698, 
10.01701; 
10.01705^ 
10.01709' 
10.017121 
10.01716: 


10.56722  3. 
10.56677:3. 
10.566333. 
io.565«8  3-, 
10-565433-, 
10.56498  3- 

10-564545-, 
10.56409,3., 
i0  56365'3 
io.5632o'3 
10.56276J3 
10.56^.31,3 
10.56187J3 
10.56143  3 


1-562594 
1-5635 

!. 56444  4 

1-5653} 
1.56629 

1-56721  4 
.568  . 
.56905  4 
1-56997  4 
.570894 
1-5  7J3c4 
r 7 272 4 


5809: 


10.56099 
ro.56054 
10.56C10 
T0.56966 


Tangent )  Co-fcc.  j  Secant 


IJ 

i.86992iuo 
i-86976j59 
1.8695958 

^.86943  57 
1.8692756 
j.869iCj5i 
1.86894J54 

1-86877153 
^.8686152 
1..8684a'5I 
!.86828i50 
!..868ii'49 
1.86794148 
^.867  7847 
J.8676146 
}.86745'45 
} 86728  44 
^.8671243 
1.86695  42 
1.86679  41 
1.8666240 
1.8664639 
1.866293^ 
1.8661237 
1-8659636 
}.865797^ 
.865633; 
.86546  ■^ 
.86529  3 

■865133- 
.8649630" 

.86480  ..^ 
.86463  28 
.864462:-' 

86430  26 
.86413  25 

8639624 

•8638c  r^ 

•86363  22 

-86347  2^ 
.8633020 
■86313 19. 

-86297  i8J 
f';62oci7l 

..86263 161 
^86246 15I 

i.86230i4 
;.i62i3i3 
t.  86 196  1^2 
^.86180  li 
1.86163  10 

1.86146     Q 

1.86130J  8 
[.86ii3<  7 
i.86o96j  6 

1.86079 
.86063 
:;Kdo46 
26029 
..86giz 
.85996 


!  V.  bmc 


.v: 


(i6  Deg.)       Sines,  Tangents,  Secants,  &c. 


89 


.  ^n.'-'  Tanir. 


j  o  9.44-34  y->>^-64  9-457^0 
j  19.4407819.982819.45797 


2,9.44112 
319.44166 


9.44210 

9-44253 

0.442Q 


7  9-44341 
9-44385 
9.44428 
9-44472 
9.4451^' 
9-44559 


s3.^ 
34 
35 
a6 

3. 

39 
40 

'41 
42 

43 

44 
45 
46 

47 

48 

■- 

49 

JO 

51 
52 
5^ 
5_4 

55 
i6 

5  7 


9.44602 
9.44646 
9.44689 

9-44733 
9.44776 

•44819 
9-44862 
9-44905 
9-44948 
9.44992 
9-45035 
9.45077 


9.98277  9.4584J 
9.982739.45892 
'>. 98270  9.45940 

9.932669.45987 
9.982629-460    t, 


Co-tatig.    Secant 
10.54250  10.01716 
io.54203  10.017(9 
10-54155  IO.OI72'^ 

1054108  10.01727 
10.54060  10.01730 
I0.54CI310.0T734 

0.53065  10.01 7  ;8 


9.98259  9.46-;:^2 
9-982559-46130 
.  ,82519-46177 
9.987.489-46224 
9.982449.46271 
9.'^  8  240  9-4^3-; 


Co-fcc. 
10.55966 

IO-55922 
10.55878 
1055834 
10-55790 
10.55747 
0-S5  703 


^0.53918  10.01741I10.55659 


.  588'4  4.i>5',v96j6o 

3'5  8904  4.85  979  59 
3-589944.8596258 

3-59083  4-85945157 
359173  4-85929156 
3-592624.85912155 

3-5^352  4-8:895'54 


3.59441 -,.t!5 


53^170  io.oi745Jio.556i5|3.595304-8t86i 
1 749'  10.555  7  2'3.  j  9619  4.85845 


9.9823719-4636^) 
9-982339.46413 
9.98229,9.4646c 

9.98226!9.46507 

9-46554 
9.46601 


9.98*22 
9.98218 


9.98215  9.46648 


9.98211 
9.9S207 
9.98204 
; 98200 
9.98196 


25.9.4512c  9-9^192 
9451639-98^89 
9452069-98185 
9.452499-98181 
9-452929-98177 
tM53.ri'9-98i74 
;-4537  7|9-98i7c 


9.46694 
9-46741 
9.46788 
9-468.^5 
9.46881 
9-46928 
9-46975 
9-47021 
9.47068 
9-47114 
9.47^60 


9.45632  9-98147  9-47484 
9-45674!9'98l44  ;-47530 
9-45  7 169-98140  9-47576 
9-45  758  998136  9-47622 
9.45801 '9-98 132  9-47668 
9.-^584 -^'9-98^  2^.ig.47  71 4 


9.45419  9-98166 
9-45462:9-98162 

9-4.5504!9-98i59 
9-45547!'-^-98i55 
'-4558919-98151 


9-47207 
9-47253 
p.47299 
;-47346 
9.47392 
9-47438 


10.53823  10.01 749' 10.555  723.5  9619  4.«5^45 
0.5  37  76;io.,  1752' 10.5552813-597084.63828 

ic^-53729  10.01756  10.5548413.59797  4.85811 
^.53681  io.oi?6o  10.55441!  .,■•98864.85794 


7853 
5» 


io.55398|3-.>9975  4-05  77/ 
10.553543600634-85760 


AO.53634,1  -01763 
10.5358-110.0176710.55354 
10.53540:10.01771  10.5531 1  3.60152,4.85744 
fo.53493>o-Oi774;io.5^267l3.6o24o;4.^'5  727 
10.53446  10.01778  io.55224'3-60329'4-857vC 
^0.53399^0-01782  10.5518J  !3-6;4i7  4  8^^9 


47, 
76046 
45 
44 
.43 


10.5335210.01785  10.55138 
10.53306  10.01789  10.55095 
10.53259  i°-o» 793110.55052 
10.53212  10.01796:10.55008 
10.531:65  10.01800110.54965 
ro.53119  io.oi8o4|ro.54923 


y-45'85i9-98A>'5i>-477(>0 
;-45027J9-9^i  21  9.47806 
9.45969J9-98"7|9.47852 
9.46011  9-9^113:9-47897 
9.46053  ;.9-iC9J9.47943 

9.46095  V.9^IO&|ty.4/y8 


9.461  J  6 
9  46178 

9.4622( 

9.4626: 
1  9-4630:- 
9_4634,- 
9.4638^^ 
9.4642- 
9.46461, 
539-46511 
5919-4655'' 
^19.465  9  J 

iCo-liiit 

faiiiwn,  —■ 


7.9610219. .18035 

y.98o9S!y.48o8o 
/.98094I9.48I26 
/.98oyo'y.-t8l7i 

.98087I9. 48217 

,>,)oo83  9.48262 


y.yo.-7y9.48307 

J  y8o75  9.4835  .^ 
,.98o7i!9. 48398 
/.98o6-/'9.4844;- 

9.98063  9.48489 


oiiic     u'n-ran. 


10.53072 
10.53025 
10.52979 
10.52932 
10.5-2886 
10.52^40 
10.5^793 
10.52747 
10.52701 
10.52654 
10.52608 
10.52562 


3.6o5e5{4-8j076 
3.605934-85659 


10.01811110.54837 
10.01815110.54794 
10.01819  10.54751 
10.01823]  10.54708 
[OC1826110  54666 


3.60681 

3.60-64 

3-6085, 

3.6094^ 

361032 

3.6112c 

3.6120; 

3-6129 

3-61382 

3.61469 


10.52516 
10.52470 
10.52424 
10,^2378 
10.52332 
10.52286 
10.52240 
10.52194 
10.52148 
10.52103 
10.52057 
10.5  2011 
10:51765 
10.5192c 
10.51874 
10.51820 
10,5x783 
^0.517^ 
-  693 
10.51647 
10.51602 
10.5  i55  7 


10,01(^21 
10.01925 
10.01927 
^  __^  10.01933 
10.51511  I0.OIy37 
lO.OIU 


10.01830110.54623 
IC.01834!  10.54581 
ro.01838 10.5453? 


10.01841 
10.01845 

ro.01849 


10.01653 
10.01856 
10.01860 
10  01864 
10.01868 
10.01872 

10.01879 
10.01883 
10.01887 
10.01891 
10.01894 


,0.8y8 

10.01902 
i  0.01906 
;.oi9io 
10.01913 
10.01917 


10.54496 

JO-54453' 
i_^5^44ii 
10.54368 
10.54326 
10,54284 
10.54242 

10.54199 
0.54157 
10.54113 
10.5407; 
10.5403 , 

10.5  398(; 

10.53947 

10.5  3  905 
10.53864 
1053822 
10.5378c 

10.5  .r  3^' 
C.53697 

yo  53655 

105361.1 
10.53572 


4.85642 
4-85626 
4.85609 
4-85592 
4.S5S75 
4-85558 
4-85541 
4.85524 
4-85507 
4.85490 


3.61643 

3-6i73^- 
3-61817 
3.61903 
3.61990 


.«54 
4-85457 
48544c 

4-85423 
4-85406 

4-^5389 


3.62077 
3.62163 
3.62249 
3-62336 
.62422 
3.62508 


3-62594 
62600 
3.62720 
3-62852 
362937 
3-63023 
3-6 


51 
50 
49 

48 


1.85372 
4.8535.^ 
4-85338 
.85.^21 
-1.85304 

4-85287 

-1.85270 
485253 
4.85236 
4.85219 

.1.85202 


108 

3-6319" 

63279 

3-63.-.64 
.  6,3450 
3-6353/ 


4-  .:  -  66 
4.85151 
4-85134 
.85117 
4.85100 
4.8^08? 


ro.51466 
TanTert 

M 


3.63(-2c>  4-«5o66 

-  V ....,- 3^'3705  4-85049 

io.53.f3i|.^-'^3789'4-<''5032 

.,  ro.53^89!3-63S74 4-85015 

7|io.53448'3  63959  4-8499S 

10.53406' .^640/1 3  4.8^981 

S-jcant  '  ^ 


41 

40 

39 
38 

'6' 
36  j 

3s\ 

34 

33] 

32] 

31 

^o 

29 
28 

27 
26 

25 

2_4 

23 

22 
21 
20 

19 
I. 

1 
16 

5 

14; 

3 
12 

II 

10 

9 

y 


T73  DcyO 


1 


9P 


TABtE  of  I^oganthirJ^         (if  Deg.) 


Secan^^l  Cb-ft-c." '  V  Sine  I 

io.or94Q,fQj3406  3-64043  4.849T1  6c^ 


M 


9.46676 
946717 
9.46758 
i  9.46800 
6:9.46^41 
'^'9T?e;5lj-2 
$^9.46923 
9:9.46964 

JO  9.4700  ( 

1119.47045 
129.47086 

i'3;9T4;ri7 
X4'9-47i68 
T5'9.47209 
169.47249 

l7|9-47290 
L8  9.473.30 


Oo-f], 


9.46594  9-9^'56o  9-485  34  10.71466 
9.46635  9.y8c>?6 9.48579  '0.51421 


9.9^052 
9.y8o  8 
>.98o44 
9.9804 


J99-'47J7i 
20;9.474n 

iij9-4745"' 
27-9.47491- 

23|9-47.53," 
M  9-47573 

25|9-47->i3 
26J9.4765.! 
27!9.4769s' 

28.9.4773.- 

29|9-4777- 
3o|g-478'4 

3*ij9.47a5-- 
3219.4789-1 
13  9-4793A 
9-4797' 
9.4S01.' 


?  9798^ 
?-9797S 
P-979 
A9797C 

y.97/^^ 


ane;.   Lo-t;infr. 


^•4965 
)  496  A' 
>>.4>;74c 
y. 497^4 

}.4)5^-2 


7.97898,..-.... 
).978o4l9-5Q39^ 


17|^;.48o^A 

38,9.48133 

39  9-4^'i7.^  .  _, 

40|9  48213  J.979C2 

41-9.4815^  "  " 

42.9.4829-; 

43-9-4833: 
449-48371 

948411 

9.4S450 

9.4849- 

9-4*^5  2_, 

9.485^68 
9.48607 
9.48647 
9.48686 
9.48725 

4^76 


iQ-.5i37^ 
10.5133' 
10.51286 
10,51241 
io.51166 

10.51106 
tO.51061 

ro.51016 
0.50971 
10.50927 
10.50882 
10.50837 
«P-50793 
1 0.507  4^. 
105070^ 

T  0.5065  V 

;o.5c6i5 

10.50570 

105052^ 

.rc.50481 

ro.50437 

10.5039.- 

ro.5034 

'  0.50304 

10.50260 

10.50216 

f050i7'7. 

.'0..-012? 

10.5008 

!0.500.^C 

'  0.4999 '■ 

10.4  ;9<  2 
10.49908 
10.49864 

r  0.498  20 

■ro.49777 
■0.49733 
10.49689 

ro.49645 
r  0.49  60: 


ro.oi944]lo.53365 
ip.oi948!lo.':3324 
10.0195210.53283 
rp.oi956|iQ..s-3a42 
10.Q1960  10.53200 
1 0.01964' 10.5  3 15  9 
10.01968110.5311^ 
10.01971  10.53077 


IQ.01975 
10.01979 
10.01983 

10.01087 


...64128  4.84963  59 

3.642154.8494653 

3.642974-849^95 

3.64382  4-84912.5 


S-64465 


10.5303'' 
10.5299,' 

10.5295/ 
ro.52914 


^64633 
3.64717 

3.6479'' 
.64885 
.64968 

r6<;o?2 


io.oi99i;lo.5'z87; 
ro.oi995Jio.52832 
10,01999  10.52791 
I-.  02003110.52751 


10.02007 

002C11 

10.02014 
rc.o2oi8 
10.02022 
fo.02026 

tO.Q2030 

10.02034 


1052710 
10,526-0 


10.52629 
10.52589 
10.5254^ 
IC.52508 
10.52467 

TO.'J242- 


rO.02038 
TO.02O42 
1 0.0  7  046 
10.02350 

10.0205^ 

'ro.o2oi;8 


I  o:' '266  2 
10.02066 
■10.02070 
0.02074 
0.01078 
0.0.2082 


10.52387 
10.52346 
10.52306 
^■.52266 
052226 
u\52i86 
10.52146 
1052106 


3:6"oo---^ 

3.6670^ 

1 0.52066  3.6678? 


;.978y6j9-5044'i 
.7.97886  9-50485 
;.97882  9-5052g 
;9.97878  9-5057^ 
i;.97874'9'5c6i6 


.;.9 7^-0*9-50659  ;^0-4934 


.;.9-8,66;9-50703 
;.9786i'9-50746 
?-97857'9-50789 
19-978539-50833 
9978499-50876 
99784^9-50919 


to.4955^ 
10.4951.; 
10.494-1 
10.49428 
10.49394 


10.49297 
10,49254 
10.49211 
I0.49167 
ic.49124 
10.49081 


1 

10.02086 
lO.ojiCpr 
10*02094 
10.02098 

0.0210? 
10.02106 
10.021  ic 
■10.02114 
ro.o2ii8 
10.02122 
10.02126 

0.0213c 
10.02134 
10.02139 
10.02143 
10.02147 
10.02151 
1 0.02 1, -f 


10.49038 
1,0.48995 
10.48952 


55  9.48503  9.9784!  9.5-962 

56  9.48842  9,97837  9.5  JC05 

57  9.48881  9.97833  9.5IC48   .  _ 

58  9.4892'-- 9.97829 9.5T092  10.48908 

59  9.48959  9.97825  9-5^^35  IO-4&865 
6019.48998  9  97821  9.?iT78  T0.48822 


-fine    S:ne 
(72  I>ejg.) 


.Co -tan.  i  all; 


10.02:5'^ 
I0.02163 
1,0.0216 
10.02171 
10.02175 
1002179 
n  1  v,'o-le 


64549  4. 


4.84895'55 


, 'ii 

4.^486iJ53 

4.8484452 

4.8482751 

4.84810  50 

4-8479 

4-84775 


3-6513.^ 
3-65219 
3.65302 

3.6538.^ 
3.6546^ 

5-6563^ 

3-65717 

V 65 80c 

3.658S3 

3.6596^ 
3.66048 
3I66I3J 
.66213 
3.6629^* 

3.6637? 

^66460 
r66  .- 


4.84758  47 
4.84744 
4.84721 
4.84707 
84690 
4.84672 
4.84655 
4-84638 
4  84621 
4.84604 
4.84580 
-1.^69 


10.52026  J. 66870 
0.519863.66952 

10519463.67033 


10.51906  3.67 1 1 
10,518673.67196 


0.51827 
10.517.87 
10.51747 


3-6727^ 
3-67359 
3.67440 


10.5170813.6752 


-_.5i668i3  67603  . 
to  ;i6z9l3. 67684  4 
10.5158913.67765 
^0.51550 


3.6800 
3.68088 


249 
48 


4.^4552 

4.845^8 
4.84500 
4.84483 
4.84466 

4.84449 
4.84432 
.84414 
4.84397 
4.84380 
4^4363 

-84345 
4.84328 

4-84311 
4.84293 
4.84276 
4.84259 


4.»4242 
,224 

.84207 


3  6784<  4.84190 
3  679264-84172 


10513533-68249 
10.5131413.68329 
10.51275J3.68409 


3.68168484120 
4.84103 


10.512^13.684904-84051 


10.51197 13-685  70 
10.51158  3.68650 


1051119 

10.51080 
10.51044 


t.84i55 
.847^ 


4.84086 
4.84068 


4.84034 
4.84016 
4.83999 
4.83981 


368710 
3.68810 

3.688904.83964 
o  5 1002  .3^^68969  4-8.3947  _ 

— iw "  I ■■■iwumiuiiLMjt 


(i8  Beg.)         Sinis,  TailgentI,  Secants,  Sec. 


9^ 


•  Suit-      (^'p  f  n 

9.489989.97^^1 

9-49037 

9.49076 

^•49115 

9-49^5^ 

9.49192 


■T;''  v.n- 


9.97817 
997812 
9.97^08 
;-9  7^0.4 
^.9;  80c 
9.49131  9^^7796 


9.49260 
9.49308 

9-49347 
9.49383 


Il!9.4y424 
12; 9  4946^: 

3j9-495oo 
U|9-49539 
ii9-49577 

6|9-496i5 
171949654 

"•;9.496y2 


^9!9-49730 
209.49768 
9.4>8c6 
9.49  S44 
^3  9-49^8> 
249.49920 
2}|9-49958 
26  9.40 996 
9-50034 

9-50372 
9.50110 
9^14^ 
9.50185 


y.Sr779^ 
9-977^8 
9.97784 
9:779 
9-97775 
9-9777» 
9-97767 
997763 
9-97758 
;-97754 
9-9775C 
9.97746 


9  511/^ 

9-5i34y 
J -5  ^39^ 
?-5W 


9-5^4/6 
MI5J0 

9  5^5^3 

951606 

9.5 1 64B 

■5169. 


J  97742 
9-9773^ 
9-97734 
9-97729 
)/-977i5 
9-9_772i 
9-97717 
/977J3 

9.97708 

9-977-4  9-5236>5 
9-9770oi;^-524ic 
,;.976';6!9-52452 


9-5i734 
9-ii7/6 
9.51819 
9-51861 

9.51903 
9^1946 

9.57988 
9.52031 
9'5ao73 
9-52I1J 
9-52157 
9.52199 

9-52242 
9-52284 
9-5232 


Cn-t-  n. 


r  0.488  2  2 
ia487  79 
I  .48736 
10.4869J 
fo,4>^65) 
10.4860H 
10.48563 
10.485,2: 
Io.484"c 
10.4843- 
10.48394 
10.48357 
10.483c, 


ic.4826( 
10.4822,. 
48181 
10.48139 
10.4809/ 
10.48054 
10.48012 
10.47969 

10.47927 
10.47885 
io.47843 
0.47801 


;-976y€i9-5249' 


3219.50213  y.97687  9-525j6 
33  9-5^^26i|9.97683y.525  7i- 


349.50298 
-519-5 '^3,>6 
36'9.5S3;4 


9.50411 

9-50449 
9-5^486 

9-5-5^3 
^.50361 

9-5059^ 
4319-500^0 
9.50673 
9-507 10 
9-50747 
9-50784 
950821 
9.50858 
9.50896 
0-50933 
9-5097- 
9-51007 
Mi043 

9.510801^.97589 
9-5*11x719.97584 
9.51154:9.97580 


9.97679 
y-97674 
9-97^ 
9.97660 
9.97662 
9-97657 
J-9'7<>53 
9.97649 

9:9764.^ 
9.97640 
9-97636 
9-97'\)2 
9-97027 
9-97623 
9-9761 , 

9-97(^15 
9-97610 
9  97606 
9.97602 
9-97597 
y 97593 


9.52620 
9-52661 

9-52745 
9-5  2;.  87 
952820 
9.528,0 

9-5m3 

j>-52^J9i 
9-5303; 
9-5  307  8 
9-53I20 
9.53161 
9.5_32o: 

;.53244 
953285 
9-53327 
9  5336K 
9-53409 
953450 


7.511919-97576 
,.512279.9757' 
y.j_i  264^9.9  7567 

o.'fme     bine 


10.47758 
10.47716 

io.47674 
10.47632 
10.47590 
P- 4754 8 
io.4750(. 
10.47464 
io.474ri2 
IC.47380 
fo.4733y 
10.4-297 


io.47255 
1047213 
10.47x71 
:c. 4713c 
i0.47o;ib 
10.47147 


1 0.4  7  005 
1046963 
10.46922 
10.46880 
10.46839 

I_0  467y8 

10.46756 
IC.46713 
10.4667c 
10.46635. 
046591 
10.4655  c 
10.46508 
IC.4646- 
10.46426 
10.4638..- 
10.46  ;44 


aecant. 

to.cai79 
tb.')2i83 
i:.02  C8 
,0.02192 
to.  4196 
10.02  20c 

10.0220-. 
l0.O22Oi: 
10.0921a 

10.0221  C 

10.02221 
0.0222 
■00212 
10. -223 
10.0223; 
;0.0224- 

10.03246 
I -.02250 

i002_^r^ 
i0.0225c 
10.02162 
i0.0226(. 

0.02271 
io.o2a'7< 
10.0227!, 


10.022^_^, 
I0.022h- 
IO.C229: 
I0.0229(: 

0.0230^ 
10.02304 

0-02.309 
i  0.023  13 
10.02317 
IO.OZ321 
IO.O'?32C 

10.0233c 


,ro-fec."-V.'^inc] 

10.51002  J. o^voj  4.83947 
10.509633.6^0494.83929 
10509243.691294.83912 
10.508853.692084.83895 
10.508^73.69:884.83877 
XO.50808  S-''^9367, 4-83860 
r>.50769  .'  '  ;4'-^'4.^ 384 
io,,  731  ^"-y. -^4-83825 


1-1.506923.6960548380; 
10.50653  3-6y654|4.837,c 
f  •506153.697634-83773 
'0.505;6  3.69842  4-83755 
.!■' 50.^3^  3^9y2i  4.83  738 
505003.700004-8372- 


10.504613-70079 
10.50423  .'.70158 
^0.503853-70236 
io.5c346;3.703ii 
'  -M0308  3.70393 


xo.5027o;3-70472 
10.50232:3-7055 
o.50i94'3.7o628 
0-50156  370700 
10.501 18'3-70784 
o.50o8G!3.7f;'8^): 


3  703 
4.83683 
4-8.3668 
4.8365c 
4.83633 
4-83615 

-83  >  9 
4.8.t58. 
4.8356. 
4.8354.,'. 
4.8352^ 


6c 

5 

5 

5 

5^- 

54 

5.i 

5'^ 

51 

o 

49 
4£ 
4; 
46 
45 
44 
43 
42 

-J  I 
40 
59 
38 


y-53-.9- 
9-3353: 
9  535  7 -^ 
9-53615 

9-53656        

9-53697^-46303 
Co-tan.    1  a.x]g 


.0.5004. 

10.5  oco., 
10.49966 
1049928 
10.4^890 
10.^19852 
10.49015 
X0.49777 
10.49735 
10.49702 
10.4(^664 
10.40626 

10.49589 

io.^gS5^ 

495I4 

10.49477 

10.4  943  y 
10.4940? 

^--49365 

4932: 
10.4^-290 

10.49253 
10.49216 
10.49179 

10.49142 

ro.4910.^ 

10.4906' 

,  ic.4yC3c 

Jxo.48';9.. 


xo.0235^ 

o.023.i8 

0-C2343 

c.Oi347 
iac235i 
10-OZ355 

0.0236c: 
10.02364 
10.0236!'] 
10.02373 
10.0237: 
10.02  ^81 
10.0238.', 
10.02390 
fo.02394 
10.02398 
10.02403  .  ,, 
^0.0240;  10.4895 

10.0241 1!l0.48y2C 
O.O24161I-. -48883 
10.0:^42^.  10.4^:846 

0.0  2  424!  10.4 


.7094c 
3-71018 
3.7IC96 
3.7117^ 
.5.71252 

3-7i32(. 


4.^3510 
•^3493 
•83475 
.83458 
•83440 
4-^j423 
4.83405 
4.833^^ 


3.71407 

3-71584,.  ..  - 
3.71562  4-8337^ 

3.7x0394.83355 
3.7171^4.83335 

>7£793l4:^33i7 
3.7187014.8330: 
3.7^94;  4.83282 
3.7202^  4.S326J 
5.721014.83247 
3-72l78|4.83i29 
1-7225514-832;  2 


3.72332,4.^5319^ 
?. 72408:4.83x7c 
3.7248314-83x59 
3.72561:4-83151 
5.726384.83124 
u227JJ!4-83ic6 


1.72^674.83071 
3.729434-83053 
3.730194-83025 
3.730954-83018 

3'-73l;i  4-8  ^c PC 


.)5 
34 
33 
32 
3' 
30 
29 
8 

7 
26 

25 
24 
2. 

22 
21 

2< 

18 

17 
16 

14 
1^ 
12 

rr 
I© 


3-73247  4-0-^52 

•>- 7  3  3^24-^2964 
.733984-8294: 

.t-t,-—.--oJ3  734744-82929 

0.02429110.487753.735494-82912 
10.0243  3' J  0  48j.'>  613.736254-82894 
Co-fee.  ,  >^<^^hL.  i  ,.y.-S!u.. 


(71  JJeg.) 


91 


Table  cf  Logarithmic 


(19  Deg.) 


Ml   bine      Oo-fiae 


ang:. 


09.51264  9.97567  g.53697 
I  9-51301  9-97563I9-53  7.38 
ai9-Ji3.37  9  97558  9-53779 
3j9-5iJ74  9-97554  9-53^20 
4,9:51411  9-97550  7-53B61 
•53902 
53943 


5i9-5M47,9-9754 
6,o.ci484'9.y754i 


7  9-515*09.97536 9-53934 
^^5^55^  9-97532  9-54025 
9|9-5i593  9-975^8  9.54065 
9.516299.975239.54106 
;.54i47 
;.54i87 

/•54"B 


9.51666  9.97515 
9.517029.9751 


>'.5i 7.^2 9.9751-  ,^^--- 
9-51774 9-97506  9.53269 
V;5i8ii9.975oi 
;.5 184719.9749  ■ 
9.518839.9749^ 


;.54509 
;-5435c 
9-5439" 
;-5443^ 


•'-5 '955  9  974^ 


1991,9-97 179 
9.5  s;C>27  9.9747  r 

22  9^io63'9.974-c 
a3|^2oo9;9.9746^ 

-52/35^9.974^' 


.'■32.i7J|9-9745 
Af  2207  9.9745 

';.5ia42k9744 
)• '2278  9.9744.1 
'-52'!I4  9-97  139 
■  ...523CC  ;.'.>74  3 


y-5  2.')8-jy.y743c 
9.52421  9.974^6 
y-5245«'J9-97421 
y-524y-  ■;.974i7 


^•52527 
v.Si.^6. 


>'-52596 
A52634 
y. 5  2669 
M2  70i 
4'l>52-/40 


'Ay74J 
974c:  -55^9. 


M2775 


9-9739 


10.46303  J 
10.46262  I 

4622 
10.4618 


9-5447 
>.545i2 


Co-tan  I 


0.01455 
002459 


ro.46139  ro.02450 
10.4609;' 
10.46057 
10.460  rf 
10,4597' 

10.4593.^ 
10.45894 
10.45853 
ro.45813 


ro.45775 
10.45741 
10.4569T 
10.4565c 
10.45610 
•  0-455  ^>9 
1045529 

.      V.       ..,  10.45488 

:;.i4552  to.^5448 
■>-5459.-pO-454o; 
9  54''3 
5467 


ro.02464 
0.02468 
10.02472 
10.02477 
10.02481 
ro.02485 
10.02490 
X  0.024  94 
10.02590 
io.02503 
10.02508 


a547-i^: 

;-54754 
;-5479'' 
-5483  ■, 
.•5-1875 

v549J5 


•-5495/ 
;-54-')9.' 
'•5/0,;^ 

;  5.^07/ 

/.C05-- 


'■55''~3 


97394  ;>-i527i 
99739 
9-97-38 
9-9738 


9-553  iJ 

5  ^-SSiSS 

9.'^  •730' 


'9-528119.97376 
9.52S46  9.97372 
;.5288i  9.97367 
9.529169.97363 
9-5i95i!9-97.358 


;-5.':43-i 

9-55474 
9:555^4 
9-S55SA 
9-55593 


:  9^^29861 9 ^97v_3  9.55033 

9-5302ij9.97_^  49b.  ^5673  10.443  27Jio.o205l 
9-S3056  9  97344'9.557i2  10.44288110.02656 


9-530925.973409-5575 
9-53i'6;9  97355l9.5579 
9-53 16119.97331  9.5583 


M3£2p9-9".S~6i9.5587C  10^4130 


9-5323ii9-97322'9-559 10  10.4409. 
9-53266I9.97317I9.55949  JO  44051 
9-53301  9-973r2J9-55929  10.4401 


.  9-J337q 
60  9.53405 


(Jo-flP'> 


9-97308  9.56028 10.43972 

9-973C3l9-56o67  10.43933 
9-97299'9-56ro7  1043895 


ro  4536 

ia-J532- 

10.45  2S1' 

10.4524^ 

Io.;52of 

10.4516/ 

10.45125 

10.45085 

10.4504]: 

10.45005 

ic.44965 

lo  44925 

I  c. 448 85 

fo.448.w, 


10.4480 
io.4<^76 
10.1 


L'C-.M  t 


10.02433 
0.02437 
0.02442 
0.02446 


10.025 1 C 

10.02521 
10.02525 
10.0253'. 
TO.O2534 
rO.02539 


10.02543 
10.02547 
IC.O2552 
10.02556 
IG.O2561 
rO.02565 

10,025  ;o 
Ic.0257/5 

10,02*;  7.; 
10.02583 
'0.C2588 
io£i5_ 
JO  025 97 
r.rio.03601 
2^  10.02606 


Co-lec.  V.  Sni, 


10.4468;; 
i  0.44 645 
10.44605 
10.44566 
10.44526 
10.44486 
io.4444<- 
10,44407 
10.4436- 


10.02610 
10.02615 
10.026TJ 
10.02624 
10.02628 
f  0.02633 
10.02637 
10.02642 
10.0264'' 


10.44248:10.02660 
T0.4  4209}  10.0246? 


1044169 


siive  Co. 


r>n.)  i'anp;'. 


rc.0266^ 
10.0267 


10.02678 
10.02683 
10.026S8 
10,02692 
10.02697 
10.02701 


73625  4.82894 


0.487363..  ., 
0.4860913-73700  4.82876 
0.48663  3-73776  4-8285 
0.48626  3.7385i  4-82841 
0.48589  3-73926  4-82823 
0.485533.74001  482805 
0.48516  -!.74077  4.^2787 
0.48480  3-74^52  4.82770 
0.48443  3.74227  4-82752 
0.48407  3-74302  4.82734 
0.4S371  3-74376  4-82716 


0.48^3  J 
0.48298 


0.48202  3- 

0.48226 

04815^9 

0.48153 

0.^8117 

0.4S081 


0.471893 

:o.47i5. 

o  47ii( 

0.470843- 

0.470493- 

o.^70i4J3- 


•7445  J 
.74<;2( 


6c 

it 

57 
56 
55 
■il 
S3 

52 
51 

-  .  50 
4  82699  49 
4.8268148 

.8266347 
4.82645I46 

4.8262845 
4.82610 
4-8it592 
4^82574 

J.82556I41 
48253B40 
482521139 

4.82485I37 

4.82467136 

4.82449 

4.8243  i 

+.82414 

4-^2396 

4.82178 

-u82_56o 

4-82324 
4.82306 
^.82288 
|. 82271 
-82253 


35 
34 

3- 


29 
28 

2: 
26 

25 
24 

23 
22 
21 


48Z235 

4.32217 

4.82199 

4.82181I20 

4.82163 

4S2l45llb 

482127  X 
4.82IC9 
3-76955  4^^2091 


82073 
4.82055113 


1-82037 


Co-jcc, 


046979J3 
0.46944  j3 
■0.46.908P 
Q.46874b 
0.468393 
0.468043 
0.46769,3 

o-46734'3 
0.466993 
0.46664 '3 
0.46630^3 
0.46595  .'3 
aecanr.  I 


77245  4.^2019|l 
4.82001  I 
4.81983 
+  8iy6r 
4819*47 
4.81929 
4.81911 
4.8x893 
4.8187^ 
4.81857 


318 

7739- 
7/462 
77534 
77606 

77678 
•77750 
^77822 
.77894 
-77965 


4.81839 


-80374 


■14.8182] 


I V.  bint 


M. 


(70  Peg.) 


(lo  Deg,)     Sines,  Tangents,  Secants;  &c. 


93 


•i^r^ 


sin      I  Co-lii!< 


0  9-534Oj|9-97i09 

1  9.53440  9.9729'* 


3  9  53509:9-97285  9.56224  10.43776 

4  9-53J44i9-9728o  9.56264  10  43736 


9-5357Sj9.9;i7^' 
9-536I3I9-9727 


^5  9-54263 

9-54297 

7  9-54331 


a6 


2S 

2^9 


Tantj.     Co--t.\r! 


^.56107  l0  43o93'io,O27oiil0.46595'3./.o374:iT8ri  00 
^56146  10.43354  10.02706  10.465603.781094.8180359 
;.56i85 10.43815  10.0Z71 1         '  -..«-• 


9'53647i9-97^^J' 
9-536B2  9-9726'. 
9-53716.9.97257 
9-5375>|9-97»52 
9-53785  9-97248 
9.^38199.97243 
9-538549.97238 
9-538889.9723^ 
,'-S39'^2  9-97229 
9-53957  9-97224 


9,563»3  10.43697 
9-56342  10.4365^ 


9-539919 
;-540a5 


9-54059 
9  54093 
9-54127 
229.54161 

9-54^  •)5 
24  9.54229 


722c 
9-97_^5 
9.9721C 
9.97206 
,97201 
9.97196 
99719 

9.97182 


.319 

2 


1?  9-54433 
4-:  66 
9-54500 
9-54534 
9-5456/ 
;546oi 
9-5463.5 


9-54  7.35 
9-5476 
9.5480 
9-5483 


•-54365 
•54399 


9-56381  10.43619 

y  56420  10.43580 
■9.56459  10.43541 
9.56498  10.4350a 
9-56537  '0-43463 
956576X0.43424 


.,__lo.4'-'j25  3-781804-81785,58 
10.02715  10.464913  78252 4.81 '675 7 
10.02720  10.46456  3  78323  4-81749  50 
10.4647,2  3  78395  4-8i73i'55 
10.46387:3-78466  4-81713154 
io'4635\V3- 7^3 7,4.8 1 695  5-3 


9.5661510.43385 
7.56654  10^43346 
956693  10.43307 
9.56732  10.43268 
9.56771 10.43229 
9.5681010.43x90 


10.02724 
10.02729 
rc.02733 
10.02738 
10.02743 
to.02748 
^0.02752 
10.02757 

10.02762 

r  CO  2  7  66 

10.C2771 

ro.02776 

rc.C27S 

io.oi7 


10.463183-786084.8167, 

10.4628413-78679  4.8i65<; 

4.8i6<;i 


9.56849  10.43 15 1 

9.56887. 10.43113 
9.56o26'ic.43074 
9.56965  10.43035 
9.57co4!io.42996 
2^57042 '104295^ 
9.57061  10.42919 


.).97i78  9.57x20110.42880 
9-971 7.^  9-57158  1042842 
9.97168957197  10.428^3 


9.57466 


9.97149 

9-97145 
9.97140 

9-97-^35 
9.971309.57504 

1.546689.9712619.57543 
M47029.97121I9-57581 
9.97ii6'9-576i9 

>5  9-9711119-57658 

9.97107:9.57696 

6o.97io2!9.5  7734 


279' 


ro.o 

10.027  s 

T0.02799 

10.02804 

10.02808 

10.02813 

10.02878 

10.02822 

to.02827 

[00283 


10.46249:3-78750 
I0.462i5i3-7882i 
io.46i8i]3-78892 
10.46146  3-^8963 
io.46ii2l3-79034 


4-81622 
4.81604 


ro.46o7S!3.79i05 

o.46o43!3.'7yi7'6 

10.46009  3-79246 

^0-4597513-7031 


10.45941  3-79587 
(0.45907  3-7945^' 
io.45873|3-79528 

io.45839i3-79599 
10,4580/3.79669 
to.45771  3.-9739 


4- 

4- 
4.8147' 


10-457373-79809 
10.45703  3-7988C  .       „., 
i04566d3-799504-8i33- 
io.45635l3-8oo2cl4-8i3i4 

I 


51 
50 
49 
4£ 

47 

4G 

45 

44 

>1514JJ3 

5i4964'^ 


4.6I58O 

.8^568 

4-81550 

815 


4.81459  4c 

4.81441 

4.81423^ 

4  81405 

4^_r387 

4.81368 

4- 8 1 35  c 


y-57235  ^o.4276U£o.o2837  10.4560x13.80090  4-81290 
9.57274  1042^726  10.0284 1 1 10.4556  73. 8oi59J4^8l277 
9.57312  10.42688  i*:T7,7876'io.45'534  3-80229  4-8 1259 
9-57351  io.42649lTo.o285i'ro.455oo  3-80299  -1-81241 
957389  10.42611)10.02855  io.4':466  3.80369  1.81223 
9.57428  10.42572  10 C2860IC.45433  3-804384.81205 
"  10.42534  io.o2}i'-65  10.45.399  3-80508  4-81 186 
10.42496110.02870  10-45365  3-80578  4  81168 
o.o28'/'iio.4j33i 


9-970979-57772 

9970929-57810 

.^,,^_  7. 9 708 7  9.5  7 849 

1.5.^9699.970839-57887 

1.5500319.97078  9-5792< 

9-97073  9-5 79^>.^ 


9-548^.9 

9.54903 

9-54936 

9 

9 

9-55036 


955069 
955102 
9-55136 
9-55^(>? 
9.55202 

9J5^j5 
9-55  268 
5(>  9.55301 
57  9-55334 
589.5536 


9.97068  9.5800 
9.970639.58039 
9-97059  9-5  8077 
9-970549-58115 
9.970499.58153 
9.  )7o44  9.58191 


9-970399-58229 
9-970359-58267 
9.970309.58304 
z-.,^..",  9-970259-5834 
-,9.554009.970209.5838 
60  9-55433  9-97015:9.584^ 
Co-linel    6ine    ICo  tan 


^79 


10.4238110.0^884  10.45265 
10.42342  10.02889  10.45231 
10.42304  10.02893  10.45108 
10.42266  io.o28q8  10.45 1 04 
0.42228110  02903  10.45 131 
10.  |2i9o'io.o29o8  10.45097 
10.42151  10.01913  10.45064 
10.42113110.02917  10.45041 

I0.42075'l0.02>22  10.44997 

0.4:03  7, 10.02927  1044.^6 


3-80647 
.45  29C  3.80716 


3-807S6 
3-80855 

3.80924 


10.41999  10.02932  ic. 44931 
10.41961 10.02937  10.44898 
to.41923  10.02941  10.44864 
to.4i885;io.o2946  10.44831 
io.4i847|lo.02y5i  10.44798 
10.41 809!  1002956  10.44765 


10.41771 10.02964  10.44732  3.8i838'4-8c82o 

10.41733  10.02965  10.44699  3.8195714.80802 

•97030  9-50304  10.41696^10.02970  10.44666  3.82025J4-80784 

'•97025  9-58342  ro.41658  10.02975  10.44633  3.82093I4.80765 

'.97020  9-58380  IC.41620!  10.02980  10.4460c  3.o2i6i!4-8o747 

"  ~"  io.4i58a'io.o2985:. 10.44567  3.8223014.80729 


4.81150 
4.81132 
4.S111 
4.81095. 
^....^..,f4.8io77 
3.8o994_^:8i059  j^ 
38106314-81040  J - 
3-811324-81012  It 
3.8120114-81004  J. 
3.8i27o!4-8o985L;; 
3.81339:4-80967  L„ 
3.81408  4-0094QI12 
3T8i476;'i-'J0930  J^ 
3.8i545'4.8o9i2  JO 
3.816144.80894  g 
3.8i683'4.8o875 
3.8 1 75 1 '4- 8085  7 
3.81820U.80839 


Tangent]  Co-fee.  (  Secant  j  |V.  bine  M 


54 


TajSIE  o^Lof&Hthtfiic  (ii  Deg.) 


V 


^.^615019.96*^07 
23:;.36i82i9-96903 
3.19.3621.5 


2:. 


43  9-Jfei47  9-96^93i9-J93i4/^-4o6^0 
26 9.5627;  9.9C;88S(>.3939i  10.40609 


0.955433 
19:55466 


lla'hns^^ans. 


9-97015 


9.9  7010  9.5  .?455 


«9-55499  9197003  9.5^40^ 


.^9  5553 
49-53564 
5  9-55597 


6 .9-55  6 ',09-96986 
7  9-53  663 19-969^8 1 
9-536959-96976 
7  905728  9-969  7 i 
109.55761  9.96906 
i9-55793'->9696^ 
2  £^3826  9,-96957 


9.97001 
9.96996 
9.,  6991 


9  5841 J^ 


Co-einr.;.Scc:mt      Co-fcc  V.  Sili^ 
10.41582  10.02985  10.44367  3.82230  4-8o729'6d 


9-5^531 
9.58369 
9.58606 
,,-58644 

>.5868i 
9-58719 
9-58757 
938794 
9-5805210.41' I 


10.41543 
16  41307 
io..,i46, 
13.41431 
io.41494 
ia4i336 

10.41319 
10.41281 
10.41243 
10.41 2C6 
68 


13.02990 
10.02995 
10.02999 

I0.0J004 


10.44534  3.82798  .',.86810 19 

io.445«r3-82366;4.8o692|38 
10.44468  3  S:4.u|4-8c673!57 
10.44436  3.JJ2362  4.8o6^3J5; 


:  0.03009  10.44403.3.82570  4.S0637 


TC.O 


01416.443703.82638 

2703 


I..C3OX9  10.44337  3 
10.03024110,44305 
10.03029  10.44272 

io,o3634!i0.44239 

10.03038!  10.44207 


886^, 'o  J I  r  •;  i  ro.03043  > 0.44 1 74 


9.36907  i>-.4io93!io.o'^c,'j8  10.44142 
9.3894410.4x03610.03 


i}.sB^^i  10.41  19 
9:5901  y'  10.40981 

9.39.50  I0.40>44 
^■39  94i0.4CyC6 


10.03  -3!- 
0.C3063 
10.03068 


3.82841 
3.82908 
3.82976 
3  83044 
3-8311 1 

10.44109  3.831 7?; 
10.4407713.8324^) 
10.^464413.8331^ 
'.  0.4401 2J3.8338;- 


27  9-5 63 1  i 

i8  :y.5634.; 
i9  9-3  63  ,^3 
309.56400 


9.960831:^3^429  10.403. 
y.9687bJ9.39.'60,io.4O334 
>.y6o73i9.3  9303;io.404p; 
9.9686<5!9-593  40  10.4046c 


;  I  9.50440 
J 2  9.56472 

33!9-36504 
34J9-5653t> 
359-56368 
36i9-56399 
37|9-5663i 
^89.36663 
39'9-56693 
4o'9.567a 


9-59131  io.4o86y 
9.59160  !>. .40832 
■).5  ,205  10.40793 
9.39243  10.40737 
9.5928010.40720 

9^^689819.3931 -'10  ,-068  S 


9-96^0319.39377 10.404  ^ 
9.90838J9.39614 10.40386 

9-y6S33!9.3963£  10.4034^ 
9-96848J9.3  9688,10.403 1 2 
J  96s43!9-59725^io.40273 
9  96838;9.39762  10,40236 


9-;6833J9.39799  10.40201 
9.96828!9  39833  10.40163 
9-96823I9.39872  10.40128 


IC.OjO/-.- 

..6.0308.- 
i  0.03c  8^ 
10.03  9. 
10.03097 
031-2 


10.03107 
10.03112 
io.031  J  7 
10.03122 
10.03127 
10.03132 


.    ,^   ,-,i9-968i8'9.3 9909  10.400^11 

'<^!9-56759  9-9'^8i3'9.59946  16.40034 

4319.567909-968089-39983  10.40017  xo.03i9ji!ja4^:,_,ip 

43J9.568Tl9-968o3.9.6oor9  10.39981  10.03197  10.431 7  ;;< 

9.56834  9.96798  9.60036  10.39944  io.o3202;ro.43i46  3  85176 
9.56886:9.96793'9.6co93  10.39907J10.03207  10.4 in-J  ^.8^242 

3.85308 


10.03137 
1003142 
10.03147 
10.03152 
0.03137 
:o.03i62 
iox;3T67 
io.o3l7i 
■0.03177 


i^-39T9 
10.43947 
10.4391  < 
^0.43882 
10,43850 
10.4:818 
i£:43783 

io.43753 
io.437'zJ 
10.4368. 
10.  .13  63  7 
ro.43623 
10..;3392 

10.4336c 
ro.43328 


3-  _  , 
.1.8403c 
3.84117  , 

.84183  .j.8019; 


349^^ 
10.43464 
10.43432 
10.43401 

10.43360 

10.43337 

10.43303 

10.03182  10.43273 

10.03187  10.43  24 '» 


44 
45 
46 

48:9^5698  _  ..  ,    _„   „..,._ 

^9i9.57oia;9-96772;9.6o246.io.3976o|io.-,3228  10.42985 

^®i9.57o44'9-967o7'9-6o275  10.39724(10.03233  10.47936 

.^''9-57073  "   ■^''^^  "  '^'^■"  ^  ^'^  i-.Ay-,;  ir>  r^^-.^'j 

5*9.57107 

^•^9-571-38 

54£^7I69 

559.57201 
^^.■9-5  7^32 
57'9.37a64 
•5^9-57395 


.^•83448 


3-833 '.< 
3.83582 
383649 
^87716 
3.83783 
3_8333^ 
•'39i> 


3 -.8  4.^- 5' 


.Pnfnn 


4.80000 
4-80381 

•80363 

•  0543 

-80326 

86308 
4^;489U 
4.80471 
4.80432 

.80434 

■80413 

.80397  4_ 

4.803784- 
4.8636o|4^ 
4.8o34i'.^9 
4-80323  3^ 
4.J0304 , . 
4^80286  36 
•J. 80267  •^- 
4.80249  34 
4-80230 
4.802:2 


.8or 


3.84316  4-80136 
5.84383  4- C13. 
3.8444*;  4-80119 
3.84516  -f.8oioo 
3.843S2  4.S0082 
3.8464'  4.80063 


3.85374 

3.8^  J  3,;. 


9.y6762  9.60313  10.3968711003238  10  42Q-3 
9-9*|.'757  9-60349  10.3963 1I10.C3243  1042893 


I  Co- line 


.V  S3  5  03 
3.8357c 
3-85636 
385701 


9-9^752  9.60386  10.39614  10.03248  10.42862j3.83 767 
9^16747  9.60422  10.393 7 8  10.03233  10.4283113.^583 2 
9.967429.60439  '^  '    '        " 


10.39341 
i(^-595°5 
IC.39468 
10.39432 
10.39395 
[O.39339 

t>«ic.   lGo-tan.*i' anient 


-80043 
4.80026 
4.80007 
4.79989 
4-799/0 
479932 

4.79933 

4.79914 

4.79896 

4.79877 

4.79838  13 

4^9840 

4-79821 
4.79802  10 

4.79784 
4.79763 
4-79746 
4.79728 


9-96737!o.6o4^95 
9.96732'9.6o332 
-  .,-/-^^  9.967*7  9.60368 
p9  9.5  7326  9-967  ^2,9.60603 
r°  9-5  73-5  8  9.9671719.6064^ 


10.03238  !O.42700|3-85 89 7. 4-79709 
ro.03263  1C.42760  3  83962j4.79''90 
10.0^268  10.4273613.86028  4-79  71 
1003273  io.42703|3.86o9V,4.79653 
10.03:78  ro.42(^74;3.86i38  4.79634 
io.o328'"3  10,42642';  g^'27.3  ^.•'o6i( 
Ua-fec'  '  accauc  V  .  &ine 


26 


<r^ft  "hpcr  ^ 


(?i  Peg.)       Sipes,  X^ngents,  §ecatij«,  See. 


95 


o 

I 

2 

3 
4 
5 
_6 

7 
8 

9 

10 

II 

;^ 

!¥ 

16 


Co-finef-'T'an^.""'C()rtano-. 


>cant  fCo-fire. 


9-i733S  9-967i7:V-^o<^4i  i«.3;359 
9-57389  9-967 1  i'^.6o67 7  10.3932:, 
9.57420  9.96-06:9.60714  10  39286 
^.574->i  9-967oii9-6o7-oio.;,;25o 
9.57483  9.96696  9.6078')  10.392x4 
9-575-4  9-9669i,9-6o823  TO.39177 
9-57545  9-96686i,\6^.Sf9  lo^^rj 
9-57576  9-96'''^i  V-f)0  .-y-J  K..39io-t 
y.57607  9.96676  y.6o;3i  ro._^9o69i 
9-57638  9-966  o  9.60967  10.3903^1 
9.57669  9.96665  y.b '  004  10.389  ,6 
9.57700  9.9()66o  9.61040  10.38960 

9  57731  9-96655    '■^'"<^-''  t    .:'^-)^4 

9  96650ly.6j  ;il  i_:.36(i  .•! 

,„  9.96645I9.6X148  ;o  38852 

9.5782419-96640  9.61184  10.38816 
;9-57854!9-96634i9.6i220  10.38780 


9.57762 
9-57793 


0-93 

•0.0^3/: 

■0.033C5; 

0-03360: 

0.03366J 

^,, .,,  ,        ,.,     .    .-,     -.-,.-,     -  3371 

I8i9-579i6,9-96624l9.6i29 2  10.38708  ^  ^-03^3761 


I7;9-57885|9-96629l9.6l356;i  ^.38744 


,l9'9-5  7947'9-966i9'y:oi328jio  38672; 

ao  9.57978i9-966i4  9.6i364;ir.38')36, 
iai'9.58oo8j9-966c8  9  61400J  10.386001 
ja2  9-58039:9-96603  9.61436110.38564 

23'9-58o7oi^.96598  9.61472  10.38528 
ia4  9-5"'iof'9:9^593'9-6i5P8  10.3849^ 
I25  9-56i3ijy-v'65a8:9.6l544 

a6  9.5816219-965^2  9  61579 
9.61615 


579-58x9219.96577 
289-582239.96572 
29  9-58253  9-9^567 
3o9.58284l9-96562 


9-6165 

9.6x687 

9-61722 


319-58314 
329-58345 

349.58406 
359-58436 
369-58467 
J?  9-58497 
389-58527 
!39  9-^^557 
ilo  9-58^88 
Ji  y-5^6i8 


,  96556 
9.96551 
9.96546 
9.96541 
9-96535 


47J9-58799 

L8  9-5882, 


9-6^75-^ 
9.61794 
9.61830 
9.61865 
9.61901 


9-965.30  9-61936 
9.96525 


9.96520 
9.96514 
9.9^509 
996504 


429-5164819.96498 

4319.586^9.06493 
449-i8zo8 

45  9-5-8739 
469-58769 


9.61972 
9.62008 
9.62043 
9'6?079 
9.62114 

O..'.?.!  rn 


9-5B889 
9.58919 


9-589499-96445 


9-58979 
9.59909 


9-59039 
9-59069 
9.59098 
9.591^^ 

6019-5*91^ 
Co-iiue 


9—^05  io.37«t5 

9.964S3  9-62121  10.37779 
9.96483L6;25  6  ^0-3 774 
9-96477  9-63^91  10.37709 
9-96472  ?.623i>  ia3707^, 
9^^9646619.62362  X 0.37638 
9.76461  9  62398 


9.96456 
9.9645 1 


9-96440 
9->'6435 


9.6?433 


.625;. 


9  9642j9!y".o-6c9  10.37391 
9.9642419-62^^5  IC.37355 
9.96419I0.02680  10.37320 
9.9641319-6^715  10.37285 
9.964089.62750110,37250 
9.96403)9^85^0.372^5 
•  Uo-ran-l  fanffcni 


IC.38456 
10.38421] 
^0.38385 

I  .38349 
10.38313 
10.38278 


10.38242 
10.38206 
10.38170 

10-38135 
IC.38099 

IQ.380  4 
10.3,^020 
10.37992 

10.37957 
10.37921 
ro  37886 
10.37850 


10.3760 
10-37567 


9.62408  io.3753 
9.6250^  i^o.3749( 
9-62539  10.3746 


^o.^742_( 


,03283  ;o. 4264 


0-03335 


;o  03340*  1 0.42300J3.86935U 


'338i 
0.03386; 

0.03  .y92! 

0-03397 1 

O.-34OJ: 

.03407 


040031 
[O.4O9O2 
0.4087  2 

;0.o^527  io.40812 
Co  li\.       S-  UP'    , 


'4261 

.4258: 

.425  J. 

X425I8 


0.032891 
0.03  294I 
0.03299 

■0.03304!  ..  ^  , 
0.03309  10.42486 
0.03374  10.4245 

0.03319' 

0.033241 

CO.?-!  to 


V^inef 
;. 86223  4 


0.42424 
0.4239 


vS6.-<.88  4- 
5-?63^3  4. 
1  86417  4. 
1." ''482,4. 
1.86 C4    4 

3-86 At -7  4 

3-86';;. T  4 

3-867-114 

42362  3-^68o6  4 
•\423UPv86870i4 


o.42269'3  86990' 
0.41238  3:8706 ' 


79615 

79597 

79578 

79.^59 

7954056 

79522 

79503 

79484 

•  9465 

794475 

7949850 

79409.49 

-  ^  -«48 


5'> 

57 


.0.422073.871284 
p.421  76  3.87192  4 
0.42146  3.872564 
0.421 15  3.873204 
0.42084  3.8738 •■  4 
0.420533.874^94 
0.42' 22  3-^751."  4 
0.419923-875774 
O.4i96ii3.o764i  4 
0.41^3013.8770.'  4 
.4_r^J3.":7^4 
0.41  ■4.3.8783  4. 
-._^,_  0.4^838  3.87<<96  4 
o.o3423|?o.4iboj5  3-87959  4 
0.93428110.41777  3.8802- 
0-417473-8808-=  ] 
.^.41716  3-88  r5c  4 
0.41687.3.8827..  4 
0.416553.882774 
0.41625  3.88340  4 
0.45594  3.88104 
0.41564  3.8846-:  } 

0.415-5  ^  %.?>%_<:  1 

0.41503  3.^859'!  4 
0.414733.8865:4 
;o  41443  3.8872c  4 
0.41412  3.8878    4 

0.4138:^  3-^-8.J4(' 4 
0.41357  3.88q<-',-j  I 

:o,4i29!  3-89035  4 
10.41261  3.8009 

0.41231 
;o.4i2oi 

0.41x71 


0.41141 
0.41 11 1 
0.41081 
0.41051 

0.41021 


3.89  [60  4. 
3  892234. 
3.80286J4. 

3^93484: 
1.894114. 

3-8947314. 
3.89536J4. 
^  3.S9598I4. 
:o.4099i  3.jy66i'4. 

0.40961  3. 8  ;y  723*4. 

;785  4 


•79.35346 
-7933445 
•7931544 
.7929643 
•79^7^ 
7925841 
.7924040 
.7922139 
.7920235? 
•7918337 
■  7916436 

•79145  35 
•7912634 
.19107  33 
.79089 3 J 
.790703] 
•790.^30 
•79«3229 
•79013-28 
•7899427 
•7897526 
-7895621: 

;789i8i5 
•7889922 
.788802 

.78861  20 
,788^)2  ig 
•788^31 

.-esoAi7 

.7'-:786i6 

•78767J5 

-7874814 

.78720' 

.-87io'i2 

7859o|ii 

.7.'^67i 

.78652 

•'78633 

78614 

7859, 


3-898484 
3.899104 

3-8997a4 
^uoo;4  4. 


7857^ 

785 

78538 

78519 

7850c. 

78481 


(^7  i>e§.} 


95 


Table  of  Logarithmic  (23  Deg.) 


r 


Sine     Co-fin 

9.591 8 S  9-964^^  9"^627S3 
9.59218,9.963979.62^20 
9.5924719-9639^ 


,.,,_,  ,,.^.,,.,.62855 
9-59277:9-96386  9-'5a89G 
9-59.307|9-9638t 
9-59336|9-96376 
9.593669.9637- 


9-i93y6  9.96365 
9-594*5  9-96360 


9-59455 
9.59484 
9-59514 

tllLi} 
9-59573 
^49  59602 

^5!9.59632 
169  59661 
1795,690 
18:9.59720 


996354 
9-96349 

9-96343 

;-96333 

9.96327 

9  963-22 
9.96316 
^.96311 

9.96305 


^9  9  59749 
209.59778 
219.5980 

l^-a  9-5983  7 

*3  9-5936' 

,^49-5989.'' 


9.60  r  28 
9.60157 
9.6018^ 
9.60215 
9.60244 
9.60273 
-;. 60302 
■y-60331 
^.6o35g 


9.60388  9-96?  7 
;.604i7 


9.62926 
9.62961 

9^2'99(; 

>63^3i 
963066 
9.63101 

9-6313J 
9.63170 
9.6320 


^.96300 

7.96274 
;.96289 
;-96264 
;-962''8 
^96273 

7.96256 

9.96251 
7.96245 

J.Q62.-0 
7.9623.,' 

;-96229, 

^.962  2:;' 
79621? 
7.96212 
^6207 
7.962O) 

9  9610-: 
7.9618  = 


Co-tan.;    Secant 


9.6324c 

9-63275 
9.6331C 
9-63345 
9-633  7i 
•>-634i^ 

:>'63449 
9.63484 
9-63518 
9-63553 
^■6358<S 
7.63623 

7.63726 
■63761 


^6383 
.7-63  S65 
9.63895 


10-37-15  10.C3597 
10.37180  10.036  ^^ 
ic>-3  7145 '10.03608 
10.37110)10.03614 
10.37074J10.03619 
iC'37039iio.03624 
0.37004110.0.^630 


10,36969110.03635 
^'^•3693420.03640 
10.36899  10.03646 
10.36865  10.03651 
10.36830  10.03657 
io  36795 |io.036'62 


10.36760 
ro.36725 
10-36690 
10.36655 
X0.36621 
10.36586 


10.36551 
10-36516 
io.36482 
10.36447 
ro.36412 
iC-36377 

10.36343 
10.36308 
10.36274 
10.36239 


9.6379610.36204 
10.36170 


10  30135 
10.36x01 


7.6o4/,6  9.96i6J? 


9  96162 
9.96157 
9,9615. 
9.96146 


t  9-60474 
^459-60503 

46  9.60532 

47  9-60561    y.y^.^^ 

48|9. 60589  7-96140 
49.9.6061 8J9.96135 
5o{9.6o646'9i96i29 
5 •IJ9. 60675  9.96123 
52  9.60704I9.96118 
5.M9. 60732^9,9611 2 
|.)_4i9. 60761 'g. 06107 
5 5  9.60,37  36101 


y-63934  r:.36o66 
9.6396810.36032 
7.64003  10.35997 
7.64037  10.35963 


7.6'4072jio.j592i', 
7.64106JIO.3589/1 
7.6414010.35860 
9.64175  10.55825 
9.64209  »o.357>'i 
7.64243  10.35757 


7.64^70,^0-357 
9.64312,10.35688 
7.6434610.35654 
7.64381  10.35619 
7.64415^0-3558? 
9.6.1449^-3.5551 
7:64483  io.35'5i7 
7.64515  10.05483 
9.64552  10.35448 
,  '7-6/586  10.35414 
;^y. 64620  10.35380 
9.64654  10.35346 


7.646^810.35312 
9.64722'io.35278 
7.64756  10.35244 
10.35210 


0.03667 

0.03673 

0.03678 

10.03684 

1003689 

10.03695 


Co-lec 
ro.40812 
10.40782 
10,40753 


3-90-34 
3.90096 
3.90158 


IO.40723J3  90220 
10.40693  3.90282 
10.416643.90344 
10.40634I3. 90406 


4^7?48x|6c 
4-78462 

4.78443 
4.78424 
■1.78404 
4.78385 
4.78366 


10.40604 

10.40575 

10-40545 
10.40516 
10.40486 

10.40457 


3-90529 
3-90591 
3-90653 
3.90714 
3-90776 


10.03700 
1C.03706 
10.03711 

10.03716 
10.03722 

10-03727 
ro.03733 

io.0373§ 
10.03744 

IC.03749 
10.03755 

10.C3760 


.03706 

10.03771 

io  03777 

0-03782 

10.0378S 

i?03793 


10.^3799 
IC.038C4 
10.03810 
10.03815 
X0.03821 
10.0^82 


10,40427 
10.40398 
10.40368 
i  0.403  3  9 
10.40310 
10.40280 
10.4025 1 
10.40222 
10.40192 


3-90837 
3.90899 
3-90960 
3.91022 
3.91083 

3.91206 
3.91267 
3-9^328 


.40163 


X0.40134 

10.40105 


10.40076 
10,40046 
10.40017 
io.39y88 
1039959 
to-37930 
1C.39901 
10.39872 
10,39843 
10.39^14 
10.39785 
10.39756: 


3.9046S14. 78347 

4.78328 

4.78309 

.78290 

78271 

782a 


-/-*o^47 
-782T3U 

4.7819445 
4-78175144 

4.78156:43 

4-7813642 

47811741 

-  78098  40 
_  .  4.7807930 

3-9i3S9'4-78o6oJ38 
3-91450  4-78o9o'37 
3-9  £5^ '4^78021136 
3-91572,4.78002 
3-9i633:4.77923 
3-9i694;4.77963 
3-9i755;4.77944 
3.9i;;i6|4.77935 
3.,i876l4,77go6 


3-9i937!4.77886 
3-9i998;4.77867 
3-92058:4.77848 
3-92ii9:4-77828,_ 
3-92i79;4.778o9  2-i- 
3.922404.7779o!24 
;o.i9727|j.923co,4.7777i:- 
10.3,0983.93361:4.777^1^3^ 
10,3906915.92421  4.7  773  J^j 

10.39641  3-;2482'4.777r3Uc 
.  103.76123.92542:4.77693-- 

S  JO'39583  3-9f;0O2'£^776-,4 

0.03832  io..i9554|3.92662  4.77673 


10.03838110.3952613.927224.77635 
jo.03843i^"-'^i'497  " 

io.o3849i-'o.J940^ 

ic.C3854h°'3^439 
10.03860!  i^94ij 
i"ao3865jio.39383 
io.o387i;ic39354 
io.o3877'io.39325 
X0.0388  2' 10.39296 
io.o3888'io.392e& 
10.03893  1039239 
39211 


3.927824.7761.' 
3.9384314.77596 

3.929024.77577 
3^929624.77558 

3.930224-77538 
3-93082  4-77519 
3-931424-77500 
3.932024-77480 
3.93-6214-77461 

3-9332l'4.'?744I 


9.6o8i8;,^.96o95 

9.6o846'o. 9609c        ,,^ 

9-60875 jo.96084  9  64790  "^^-". 

9.6o9o3V96o79J9-64824  10.35176  lo.c 

7.6o93il;;.o6c73!9-64858  ic.35142  10-0392 

("o-fir>e     oiiic     '(_(.-u.i).  ianffi-nt!    Co-le-w 


10.03899  ' 
10.03905:10.39102 
10.03915110.39154 
io.o39io!^o.39i25 


92i'io.39097 
io.3(yo69 


.cant  1 


3  9338i/t.77422 
3.934414-77403 
3-935004.77383!  3 
3-935604.77364!  :, 

3.936194.77344   1 
3-93('79l-77_325,  o 
,V.  .SiTtJM 


(65  Dee:./ 


(24  Deg. )     Sines;  Tangents,  Secants,  &'c. 


n 


M.   Sine  W Co-line 

9.^.0t^ .a  9-/073 
9.609609.^6067 
;. 609889.96062 
;.6ior6  99^056 

^;.6i045  9-y"050 
'0.6T07;,  9.96045 
.;.6 1 1019.96039 


o/h^5  X  I -^-  3.5  M  2i  10.  .^^9  2  7  :io.;;(>o6 9 


Co-tamj  Setanr    [  Co-l< 


9.6400-2 
9. 64.)  2  6 

9.64960 

9-^'>499-l 
9.65028 
9  45062 


;.^:i29  9.96oa4;?-^'509'> 
5.611589.5602819-65130 


.6ir86  9.96022 
.612149.96017  , 
).6i2429.96oii  ^.6 


8 

9 

10 

II 

jia  9. 61270'). 9600^ 

1319.61298  9.96000 

14  9.613269  959f>-i 

i4>^^354  9-9598^ 
161961382  9-95932 
^179.614119.95977 

t>^  9.61438  9.9597  T 


9.65164 

;.6jl97 


^5231 


>65£65 
9.65299 

9-^53.33 
<5.6536.:> 
9.654-3 
965434 


10-351 

ro.  35  074 
10.35.j40 
r  0.3  5  006 
10.34977 
12:34930 
fo.34904 
10.34870 
I0.34S36 
10.34803 
10.34769 

10.  7  J.? 


ro.o3y3 

10.03938 

TO  03.944 
16.03950 


10.3^040 
10.3901; 

38^5,> 


19!?. 6146.6:9.95965 
,20j.?.6i494:9. 9596c 
:*i  9.6i522i9-959.'f4 
9.6i55o:9-9.i"94 
9.615789.95942 
.;  6r6o6  9.9.:j3 


10.34701" 
10.3466; 
10.346  ?4 
10.3  4600 
_  _  _  .  10-34566 
9.<>c.';67ilo.3453-, 


9.oio34v.9.-<93i 
9.616620:55925 
9.6168919.95920 
9.61717  9.95914 
9.61745  9-959^^ 


o,/"  r 


>-959o: 


9.016009.9589 


9.61828 
9.6i8;6 

9.61 8S3 
9.61911 
?-6t93V 


9.95891 
9-95S85 
9.95^/9 
;-95873 
7.')';868 


9.0iyi 

9.61994 
9.62021 
9.62049 
9.62076 
/'.62i04 
;). 62131 
9.62159 
p.62186 

/622 

9.62241 

9.62268 


9.6229 
0.62323 

9.62350 
9-62377 
9.62405 

9_6243'. 
9.62459 
9.62486 
;».625i3 


y-95S56 
,>  9585c 
^•95^4  A 

9-9583; 
9^95833 
9.95827 
9.958^1 
995815 

958IC 
9.9580.^ 

9.95786 
9.95780 
J-95775 

•95763 

>-95757: 
■;-95  75i 


:9.655ot;ro  3449c, 
?-65535PO-3446 


9.6556811034432 
9.65602  io.34398 
1-34364 

ro-3nu 


>.65636 
_;Aj669 

/•65  703 
>-65  736 
)-657/ 


io.03955ao.3892. 
ro.o396i|fo.3K899 

io.03966i7or38'87i 
io.:>3y72  10.38842 
10.03978l10.388r. 


X  0,03  y  S3 
10.03989 
C0.03905 


10.3  878^ 
10.38758 
^0.38730 
i3"387ai 
.X03867. 
10.0401 2JI0.38646 
10.C4018  10.38618 


i0.040JC 

1 0.0  J  00' 


V.Sin.>,i 


J-93'>/v 
3-93738 
93798 
9385/ 
3-93916 
3-9397.' 
3-94035 


10.0402310.38589 

io.C4029{(o.3o567 

10.3853.1 


10.040 

1 0.04  040J 1 0.3  8506 

10.04046  10.38478 

10.04052  10.3  8  450 

10.0405810.3.842^ 

10-04063  ro.3i8394 

10.342^7110.04069110.3^36?) 
io.34264  10.04075^0.38338 
'lo.34230l10.04c80jto.3831 1 


3.9409.. 
3-9415."^ 
3-94^11 
3-94271 
9433c 
3  94389 
^•94448 
3-9'i507 
3.94566 
394624 
3-94683 
3^94743 
3  94800 
394859 
3-949  iS 
3.94976 
3.';5035 

3-951.51 
3952TO 


).658c3|io.34197  1c.04c8l.  10.3828 


'•6583-110.3416310. 
).6c8-->io.34i3oUo. 


10.04092 

_^  f40?6 

,.03  904' lo.340(;6i  1 0.041 03 

9-65937(iO-34o63Jio.C4i09 

9.659;i'io.34C29  10.041I5 

;. 66004' 10.33996 

;. 66038, 10.33962 

;.66oj  1 110.33929 


9.66104,10.33896 
9.66138:10.33862 
9.66i7i|ic.33829i  .  . 
^66204!lo.33  rc96  10.04156 
9.66238'l0.33762[io.O4t6i 
9.6627 1 '10.33  720:10.04167 


10,04121 
10.04127 
1C.04132 
laoTiyh 
10.04144 
0.0415-0 


4-77071U7 
1-7:'052i46 
4.77'"'32|45 
l-';7oi3'44 
4-76993143 
^•76?_74,42 
4  76954141 
4-7<'934!40 
^•"6915139 
4-7^89?i38 
4-768  76I3  7 
4.76856136 

4.7683'6b5 

4.7681734 

3.95268:4.7679733 

3-95326:4.76778  32' 

.^953854-76758^1 

._    _  .3-95443  4-76738  30, 

io.382oo|3-9550i'4.767J  9 
(0.38172  3  95559  4-76699 
10381443-95617:4.76679 
10.3811-3.95675  4.76660 
[0.38089J3.95733  4-76640 
'o.38cfti  3-95791  4^76620 

10.30034I3.95849  4-7660 


9.66304iio,33690Jlo.C4i73 
;.66337jio.33663lic.o5i}9 
^.66371  10.33629I10.04155 

^.66404-io.33596'io.04i9C-.^.j/.,o„  ,.yw.,.iyH./--.^ 
;-66437'io.33563;io-«4i96iio.37  759  3.96426  4-76-io 
j.664'roio.3353o;iao4202.ic-.37732  3.-^:6j84  4.76.-" 


to.38255 
(o.->82 


4- 7  7325  i^^-' 
-!-773^5|59 
4.77286,58 


4-77266 

4.77247 
4.77227 


4.7720BI5-: 
4.7  7-183 15  3 
4.7716915: 
J.7-i49pi 
.4.7  7 130:50 

4.7711049 

7-;09i|4S 


10.3800613959074.76551 


i-.37979,3-95 965  4-76561 

10.3795113-960234.76542 

io.37V24i3-96o8o  4.76522 

378>6|3-96i38  4.765C2 


ro.378(i<,.  3.96190  4-76482  ,, 
10.3784115-962544.7646316 

io.378i4.3.9{)3ii4  76443 
0.57  78613.96329  4.76423 


9.66jo3|i0  33^97  10.04208,10.377043.96541  4-76364 
9  6653 7|lo.33463io.042i4|ic.:57677|3.96599  4.76344 
9.66570  10.33430  10.04220  IC.3 7650  3.06656  4-76325 
9.666o3'io.333r,.7io.04225:)o.37623'3.967i3  4-76305 
9.66636  10.333.^4:10.04231  10.375951^67704.76285 
9.66660  jo.3333i'iQ.04237iio, ^7 <68  3.96828  4^6265 
9.66702jio.332"98,io.04243io.3;54i'7c;7;885  4.76245 
9.66735110.33265  10.0424910.3  75 14  3.96942  4-7622(' 


;-95745b  66768:io.33232jio.04^55'i'=-374S7  3  96999  4-76206 
9.6254ij9.95739;.668or|io. 33199  10.04261:10.37, 
-;.62568J9  95733|9-66834!ic.33i66io.04267,±o.37. 
9.62505 


0.05728  9.66S67!ic.33i33ic.04272'io.3 
»--o-iiue'    >inc    /Go  tan  '  i'anffe.nri  Co-f< 


(6i  Deg.) 
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(25  Deg^,) 


M!   Sill 


iCo-fmei  Tanc 


09.62595  9.9570,3  9.66867 
9.62622  9.95  72219.^690 


29.62649 
39.67676 
4  9.62703 
5:9-6273'^ 

719.62784 
8;9.6-8ii 
_^  9|9-<'^^'3S 
to|9.628\i 
IIK;  62S92 
i2h  6701" 


9.957169.66933 
9.95710,9.66966 
9-95  7C- ''9-66999 
9.956<,g,9-67032 
05692i9-676'^^ 


.10.33001  iv\04296  10.37297 


9.o568o;9-67o>^ 
9.9}68ol9-^''7i.Si 
:;.95674;9-^>7i63 
y.9566Sl>>.67r96 
:a95662|9-672»9 
9.9c6?7!9.6726'' 


Co-tang..  Secant      Co-fcc.  »V  .  .Sin 


io-33i.?.vic-04272  10. 37405:3-971 7^ 
TO.33100  I00427S  lo,373r8|3-9722  7 
XO.33C67  10.04284  10.3  7351 '3-97'^S.- 
10.3 H034  10.04290  10.37324  3-9734  • 
3-9739^ 
3-9  7  4i.' 
3'>'il 


9-9i65l.y-672y5 
>-9:5645{9'.6732  7 
'>95639i9-^736o 
9-95633;9'<^7393 


7-7  J  -JO. 
9.93627 
9.95621 


).<jS''i5 


■)  67426 
967458 


9.67491 
9-6  752. ■ 
9-67536 
9.6758<^ 
967622 


9.9560 

9  9.5597 

'  9-63213  9-95i9 J  ^^V^^'' 

'  9-63?.19|9-05.?85  9.6765^ 

y-9j.5  79  •,>-676^7 

9-9.^.573  9-67719 
9-95567 

/■95561 


^.63266 
9.63292 
9-63319 
;-6334, 


9.6337a 
9.633j2_8 
9.63425 
3  •^.63451 
n  9-63478 
9.63504 

9-^oSi^ 
9;_6355  7 

9.63610 


9.6  7  7  r. 
9.6778s 
9.67817 
9.678CO 

9-9554'3|P7b«2 


9-95537 
9-95531 
995525 

9-955^9 
9-95513 


9.67915 

9.67947 
9.67980 
9.68012 
9.6804J 


9-95507 

9-95500 


9.63636I9.9549J 
;.63662[9.9548C 
9-6368919.95482 
9-63  7i5!9-95476 


->-6374il9.9547^- 

9-63767  9.r,5464 

96379499545? 
^.6382019.05  455 
9-63^46'9.95446 
9-638  72'o.g544o 


G.32>)6S 
I0o'-i93i 
10.32902 
ro.  ■52869 

10.32837 
ro.32804 

10.32771 

10.32705 
10.32673 
10. '52640 
10.3260- 
1^02574 


XO.O4j02,IC.3'27O 

10.0430810.3724", 

TO.04314  I0.372T6J3-9756 
33iO  10.3718913-9762 


•32^ 


10.3250'; 
«'-"'- 3  24  7  6 
:l^''-32444 
10.52411 

10.31-246 


10.04421 
IO.>,442  7 
[  0.04433 
:  0.04439 
1C.04445 
10.O4j<)[ 


y.6bo7  7 
9.68109 
9.68142 
9-68174 
9. 682c  6 
9-68230 


^-63898^9  95434 
9-63924J9.05427 
9- 63950,9-95421 

9-639769-95415 
9-64002;9.95409 
■>;.64028  9.95403 

.,    9-f4054,9-95397 
S^  9.64080  9. 9539J 

9.64106J9.95384 
9.641329.95378 
9.64158:9.9^372 
9.64i84.'9.95366 

C04Deg.)  "' 


9.68271 
9,68303 

9.68368 

V.  68  4  CO 
.7  684^2 


y.6840'> 
9.68497 
9.68529 
9.68561 

;.-68593 
;.r,8626 


10.32313 
fo.32281 
10.32248 
10.32215 
10.32183 
^o^3_2i5o 
V0.32118 
.10.32085 

10.32020 
,10.31988 
10^.31956 
10731923110.04493 


ro.043 
10.04326,10  37162 

ro.04332|io.37i3^ 
10.04338:10.37108 

r^.o.v543ii-.3  7o82 


io  ^,143 49' I c 

10-04355  10.37028 
lo. -57001 
10.36974 

10.36948 

10.3692 


10.04361 

r  0.043  6  7 
10.04373 
io.-0437'9 
!  0.043 


3-9768:: 
3-9  7  73^^^ 
3-97795 
3-9785  > 
37055  3.97908 
3-97964 


10.36894 


'"^■04397 

ro.04403 

o  C44o'9 

10.04415 


T0.04391J10.36867 
ro;3684j 
10.36814 
10.367^^ 
10.36761 


0.04457 
10.04463 
10.04469 

10.04475 
[O.C4481 
10.04487 


10.3^-5  7513-98918 
io.36549'3.98974 
ro.36522'3.9903C 
10.36496  3-99085 
10.364693  9914] 
10.3644^3.99197 


10.31891 
10.31858 
10.31826 
10.31794 


10.04500 
1004506 
10.04512 
10.04518 


10-31761110.0452 
10.3I729JI0.04530 
io.3j697!io.04536 
lo.3i6iS4Jio.04542 
10.31632,10.04/48 
1 0.3 1 600  r  0.045  5  4 
i  o.  3 1 5  6  o !  1 0.045  60 
^o-3f535;i"-04566 

10.^1503.10.04573 
10.3147110.04579 
ro.31439'10.04585 
10.31407  10.04591 
10.3137410.04597 


9.6869< 
9.68722 
9.68754 
9.68786 
9.68818 

tHil. 


10.36734 
10.56708 
10.36681 
10.36655 
10.36628 

ro.'?66o2 


3.98100 


j.9'-j2  4C 
i.9830: 
3.983.-? 

3.984I.'' 
3.98475 
3-985^ 

3  •98583 
^.98639 
3.98"695 

3-98751 
3-98807 
ro8862 


3.9^---  ...    .-,.. 
3.98077  4-758^8144 
3.9,Si33  4- ■5808143 
-1.7578814 

H-75768'41 
4.73748140 
4-75728i_ 
4-75708:38 
4-/5689!37 
^t. 75 769136  ■ 

H.75649|35 
4.75629134 
4-75609:34 
4-755893^ 
4-75569|3i 
7cc..gi3 


10.364173.99252 
10,36390  3.99308 
10-363643.99363 
10-36337  3-99419 
10.3631 1;3.99474 

io.36285'3.9953c 


10.362593.99585 
io-36233\3 -99640 
XO.362063. 99606 
IC.36180  3.99751 
10.36154.3.99^06 
■io.36i28-,2.09r;6i 


1.6805^-10.31342,10.04003 


10.31310  10.04609 
10.31278  ID.04C16 
io.3i;i46;io.04622 
10.3121410.04628 

10.31182110.0463/1 


iQ.36i02;3.9,9i.; 
10.36076:3.99977 
10.3605014,000,27 
10.36024 '4. 00082 
^0.35998:4.00137 
^0-35972  4.00192- 


Tansr-  ^  Co-fcc.  I  secant 


^0.3594614.00247 
10.35920:4.00301 
10.35894U.C0356 
10.35868:4.00411 
o.35842'4.00466  .  ,  ., 
ic\358-l 6'4.0O52i  47494 


..528-29 

4.75508:28 

.75488'27 

;. 7546826 
4. 75448: 25 
4.j75428.a4 

.754082: 
4-75388.2-. 
4.75368  21 
4-75348,20 

4.75328!i9 
4^75308' 18 

4.752.88,17 
4.75268  16 

4-75247^-5 
4.75227^i'4 
4-7Ji07'i3 
4^75187!: 
4.75167  II 
4.73147/° 
4-75127J  9 

4-751061    6 

4-75086 

4.75066 

4.75047 
4.75026 
4-75006 
4.74985 
4-74965 


"v.  bindVI 


Sines,  Tangents,  Secants,  Sec. 


99 


'    t|9  64210  v;.y536c 


o  9.641^4 


-2  9.64236 
219.6^261 
4  9.64288 


y-yj3«' 


9-95354 
9.95348 
9-9534 ! 
9-95335 

2:95  322\ 
9-9532: 
9-953': 
9-953  !c 
9-9530 


;-^43'^5 

9.64391 

9.64417 
9.64442,,  __ 
9.64468:9.95298 
9.6449419-9529 


9.6881 

9.6885^-. 

3.6888? 
9.6891^: 
9.6894^ 
9.68978 
9.6901. 
';.69042 
9.69074 

i. 69105 
9.6913^, 
9.691  c 
9.6i)?o? 


9.64'ii9'9.95286 
9.645459.95279 
15(9-645  ?x:9-9527^ 
i6i9  64596  9.95267 
I719-64622  9-95261 
18I9.64647  9  95254 


19  9.64673  9-y5248 
20I9.64698  9.95242 
21  9.647 149.95236 
229.64749995229 
23  9-64775  9-952?-3 
2419.64800  9.9521? 

2ii9  64876,9.95^11 

26  9.64>'5Tt9.95204 
9.64877:995198 
9.64902'9.95i92 
9.649279-95 185 


9.6y266 
9.692^1' 
9  69329 
9.69361 


Co-tanp-  (  Secant 


10.31182,10.04634 

10.31150I10.04640 
10.3111810.04646 
10.31086JIO.04652 
10.31054' JO.04659 
'O.31022I10.0466; 
io.309vC|io.0467i 


10.309581x0.04677' 
16I10  4683 
10.30894110.046^0 
10.30802110.04696 
10.308301 10.0470  J<o.3}}32 
io.30798^io.o^?oqjt  0.35506 
10.3076CJ10.04714 
■I0-30734  to.04721 

1004727 

10.04733 

10-04739 
10.0474'^ 


ID.30703 

lo,^;o67i 
_  10-^)  ^'639 
9-69393' ^.-3^607 
9.69425! -■>.;,05  75  10.04752 
9.69457  10.30543  10.04758 
9.69482  10.3051.2  10.04764 
9.69520  -10.30460  10.04771 
9-^955^  10.30446  IO.Q47 7 7 

i..304i{'  10.04783 


•95  i 


9-64953995' 


/> 


1(9.096 1  J) 
9.69647 
9.69679 
9-69710 
9.69742 
9.69774 


9.649789.95173 
9.65003.9.95167 
9.65029.9.95160 
9.65  054*9.95^54 
9.65079.9-95148 
9.65I04V.9514I 


9.651309.95135 

9- 65 155 '9-95 1 '^9 
9.651809.951251 
9.65205  9.95116 
9.65  230  9.95 1 10 
9-652559-9510 
.319-652819.95097 
44J9-65306  9.9509c 
4519-653319-95084 
46:9.653569-95078 
47!9-653^i  9-9507 
!}8{9.654o6  9.95  g6  ; 

^919-654319-95059 
50I9.654569.95052 


51.9654819-9504^9-70435 
P^j9-655o6  9.95039 

Ii3;9-6553i;9  95033 
f54.9.65556!9-<^5-  27 

J55j9-655«-9-95 
569.65605 
I5  7.9.65630 
!5^.9.65655 
;59|9.6568o 
00I9.65705 


9-95014 
9.95007 
9-95001 

9-y4995 

9.0Jo?8 


9-69805 
9,69837 
9.69868 
9,69900 

9-69932 
9.69963 

9.60995 
9.70026 
9.70058 
9.70089 
9-70121 
9.7orT2 


1..3.38 

'0.30353 

10.30321 

10.3029.. 

10.30258 

rc,3022C 


io.3oi9_5 
10.30x63 
10.30x32 
0.30100 
10.30068 
10.34037 


10.3.3005 
10.29974 

0.29942 
10.29911 

0.29879 
i  0.2984  8 


9. 7 1;  1 841^0.298 
9.70215  10.29785 
9.70247  10.29753 

9.70278  10.2y722 
9-703^9  1029691 

•;.7o;4i  i 0.29659 
10.29628 
10.29596 

T  0.295  65 
10.29534 

lo  29502 

10.29471 

ia2^:i^. 
I0.2940X 
10.29377 
10.29346 


Co-fee.  j  V.  SiTi 
lo.35816j4.003 ii  4.7494J 
10.35790  4-00575  4.74925159 
rc.357644.006304.74904158 
^0.3573814.00685  4-7488./>7 
10.3571214.00739  4-74864rT6 

10.356874.007934.74^^44155 
10.3566114.00848  4-74824U4; 


10.3563514.00903^4-74803153 

10.3560.9  4.00957  4-747B3I52' 

^0-3558314-0101 2  4-747631 C  I 

JjfJiB  4-01066  4-7474 

4-Ol'l2o4  747i2 

4^il75l:7_4702 

4-012294-74682 

4.012834-74661 

4-01337.4-74641 

4.013924.74621 

4.oi446|4-746oo 

4.01500,4-74580 


10.35481 

10.35429 
10.35404 
io.3537iJ 

^0.35327 
10.35302 
10.35276 
10.35251 
\S  225 

10.35200 


io.35174 

10, 


o.  4789 
10,04796 

10.04802  10.35123 
10.04800:1  .35098 

Jv0.04c:ij' 10.35  073 
10.0482x^0.350^1 


4.oi554i4-745  6o 
4.0160814.74539 
4.oi662i4  74519 


4-01716 
4.01770 
4.018V. 
4-01877 
149  4-01931 
4.019S5 
4.02039 
4.02092 

J4-02I46 


4499 

447^ 
4.7445^ 


10.0.^827  jio.35022  4.02200 
10.04833 110.34997  4.02253 
io.0484o:to.3.^97i  4.02307 
10.048461  JC.3494^>{4.o236o 
10.04852I10.34921 


10.0x^859110.34896 


.04865 110.348  70 
10.04872I10.3484- 

10.04878  10.3  48  2v 


70,304 


9.70406 
9.70498; 

9^0529; 
9-70560; 
9.70592 
9.70623 

:;.  70654 

9-70685 

).'?07i7 


10.04884 

I  10.04890 

10.04897 

0.04903 

lD.<'4yIO 
10.04916 

10.04922 

10.0492^ 
IO.G4935 


-.-pi 


^o-3-t795 
10.34770 
^4/_45 
10.3.^719 
IC.3469., 
10.34669 
10.34644 
10  346x9 
10-34594 


10.29315  1005  C05 
10.29283!  10.05012 
ta-.ii'.rnt  C.-lTc!" 

-irr — - 


10.04941  io-345'(>9 

10.04948  J^o.34544 

10.04954 

10.94961 

10.04967 

10-04973 

10.04980 

10,04986 

10.04993 

10.C4999 


4-02414 
4.02467 
4.0  25  2 1 
4.02574 
4.02627 
4.02681 

-0273H 
.02787 


4.^2841 

4.02ii94 

4.02947 
4.03000 
4-03053 
4-'^3io6 

'3159 


47443 

4-74417 

4-74397 

437< 

4350 

4-74315 
4.74295 
4-74274 
4-74254 
4.74253 
4.74213 

4.74i"92 
4-741/2 
4.74151 
4-74131 

74110 

7409 


.7407c 

4.74049 
4.74028 
i.  7  4008 
4-739^7 
4-73907 


4.73946 


4.0321214.739-6 

4.0326514.73905 

4.c33l8!4.7388.- 

4.0337i|4.7386., 

4.034244.73644 

4.0347- 

4.03529 

4.0358i 

4.03  63^^ 

4.03687 

4.03740 


4-73823 
4.73802 
4-73782 
4.73  76  J 
4-73741 
4.7372c.    c 


50 

49? 
48 

•*''] 
46 

45) 

44] 

43| 
42 

41 
40J 
39 

)2 
j7 
36, 

3S 
34 

3.1 
32 
M 


kH  ^h) 


400 


Table  of  Log^rithmip  (27  B<?g,) 


^ 


C^fini 


'I'ansr.   Co-titiio 
019-65705  y.<^ 4 9'^'^  9.70717  I 


,,  .,  .,,  ^.,  -  .-,..-,  io.a9a83'io.o5ci2  10.3-1295  4.o374cL7.>7-io'6Q! 
T|9-65729i9  94982  !>.70748  10.29252JIO.C5018  10.34271  4.C3743  4-7.^6;o'c;,j 
^19-65754  9-';4975  9-70779  I°-^92*M^°-°5C-15 '     --^     I.-- 


4J9.65>^04 9.9496 2  9,708.1  r'io.29i59jio.o.5038 
"  "  '         -    .      .  10.05044 


..  9.65828;9.94956  9.70873  io:a9i27 
"^  9-65^5'^  9 /^^^Vf^  9-7^^904  10.7,969^ 
7  9-6587T' V-!^4943  9  70!,'35  i^'290()5         ^    , 
S9  6590z|9.94936  ^9.70966  10.29034  10.050 
9!9.65927i9.9493o  9.70997'jc.29003  10.050 
109.6595219.94923  9. 7IO28'l0:2J5977 
f.\  9.65  ;76;9.949i7  9-7io59|jo.2894i 
129.66  .01.9.9491 '  9.71000110.28910 
9.6002519.94904  9.711 21  |i( 0.28079 


13,  .,.  .  .,    . 

14  9.6605  o'9.94898 


^  9.665.1919.948^6  9.7  149^^ 
■2,6!vj.  66  -^  4  -^  I9.9 .18  r  919.7 1  ^  a 
2719.66368' 


28  9.66392  9.74 ^^'"^'6  9.7t58v 

29  9.664i6  9.<;4799  9-7i6r; 
301^.66441  994793  9-7164^ 
1119.66465  9-9  1-786  9.71679 


33!9-665i3  9  94773  9-7i74c 
34!9-66j37  9.94707  9-71771 
3419.66562  9.9.!  760  9.718c: 
9. 947  c  3  9.71833 


0„71tj3  lr;.,28g47 


9.66246 
9.66270 
9.6629^ 


99484 

9.94839 

9.94832 


I9.66489 


9.9478 


36I9.6O586 


37 J9. 66610  p.947^% 
]y.66')3J  >.047.}c 
39!9-6665e  ;.947 

66829.9472} 
41I9.667CC  ;.$J472C 
4^9.66731  ;-947i 
9.66/55  >.9^470; 
9.667  7y  9.947c 
9.6680.3  >.y469 
.>.66827  9-94'^o: 
..  9.668519.9468.- 
48  0.66875  ;.9467 
..,  9.060^9  9-9 46 6. 
509.66922  9.9466c 
5J  9.66.^46  9  Q4654 


5^9-66970  J.94647 
J3y. 66994  y. 9464c 
549-67018  9-946;^ 


^5,9-6704'2  9  9462 


569.6706^ 


;.y48i3 


Srcar.t   l   Cn-ltt* 


1034246. 4-03^^45  4-73 
10.342:  i!4.0389ai4.73^^    .  . 
jo.34i96;4.0395C|4-7363:-i6 
;i4-736i7J5 


4  10.34172,4-04003  4-7; 
I?:  '^5^5<i^O-34t47 :  4£405  514.7359615-' 
10,0505  7iT0.34i22'4.04io8  4.735  76'5; 
10.05064  10.34098  4  04159*4.73555152 

4.042 1 24.734  34'5  J 
4.04265:4. 735 1 4'5C 
4.0431 7,4-'/ 3493U9 
4 .04  ■}  60  J .  ■■ "?  4  *?  %^4X 


10.34073 
r  0.34048 
10.3402,4 
IO-3399V 
i^.33975|4-044 


9.6607559.94891  9;7ii84lio.288(6iio.05i09 
9.66099:9  94884  9.7i2i5:io.:8785  10.05116 
9.66r24'9.9;878  9.71246J10.28754  to.05122 
9.66i^8'9  9-;87i  9.7i2  77JT0.287-?.3Uo.o5ia9 
;  9.66T73,9.94.:y65  9.7.!306|io.2869"2!ro.C5|35 
;,66i9,-'J9.9485S  9. 71 33o!io,2866i|  10.0514: 
9.6622 1I9.9  183  2  9.7 1 3 7cj» 0:18630110.051 4 J: 


9.7i40iUo.28599'ro.05i55  1.0.3375  .'■ 
9.71431  10.28569  lo.-.  516  i  1 10.3373c 
9.71462  10.281;  7.S110.05168  10.33705 


71555 


9.71709 


7-7^803 
9.7189, 

719  V 

9.71955 

7i98< 

>7^oi- 


9.9462< 


IC.2850; 
T0.28476 
10.28445 
10,28^14: 
.'8383 
10. 2835 2 
10.28321 
io.'i829i 
10.28260 
( 0.28220 
10.28198 

I0.2«l67 


.     .  .    1,4-7343 1-4: 

ia-3.395f^4.64473'4.7343l4^ 
925  4.04526  4. 734J 045 
.1.04578  4. 7.'{3B9  44 
4046  04.733694; 
^.04683J4-73348  Ai 

4.04734!4.73327,4i 
4.0478614.73306:40 
4.04838|4.73iS6:.39 
4.C4890I4.732653S 
4.04941  4. 7.>244;37 
4.04q93!4.7.'?i23i36 


ro.05 174  10.3368 
10,05181  10^36?- 


10.05187 
1Q.0519J 
ro.ojaot 

10.05207 

10.05220' 
10.05227 
to.05233 
C.05240 

tc..057,47 


(O.25137 
10.28306 
1 0.280  75 

to.  2  8045 
(0.2801^ 

I0.2798.^ 

9.7-048'  ^"07279^^ 
7.72078  ro.27972 
7.72iO(i{jo.2789i 
9  7214CJ  10.27860 
9.72l7cji(\2783C 
72?oi[to.27799 
9.7  •231110.27769 
9.73262110.2773? 
;.72293  U0.27707 
^.72323  10.27677 
.9.7:i354|I0.27^4^ 
V723M  10.27616 
9.724P5JIG.2V565 
9.72445!lo-i7555 


10.05280-  ro.33294  4.05870  4.72869 


^7|9.6709c;.946i..J9.7247'6|io.?,752 
58.9.67113  9. 94v'o; [9.72506110.27494 


[599.67137  9.94630  9.72537|io.27.}.63  10.05400110.32863 


6o'o.67t6 

Lo-!mel   Sine 


I  9-,9459. 


d 


}9-72567!i- 
-o-tan.: 1 


3 


i  0.0  5  260 
C.05266 
ic,Oi273 


fo.o<; 


286 

V05393 
10.05300 
005306 

'  0.05  31 3 
:o.c532c 
f  o  o  c  -?  7  6 


10.33632 
0.33608 
10.3.35^4 


4.05045,4. 7  3  203 '35 
4.05C9-|4  73»^'2l34 
..i.05149  4.73161  33 


10,33487 
^0-33463 
^0.35438 
10.33414 


10.3339- 
10.33366 
^-3334:; 
I0.333IC 


.ro.33269  4.05921 


4.05  2CO 

4.05252 
4.05304 


4.73140 
4.73^19 
4. 7.3099 .3>£ 
4-05355  4  7  30;- 8  ;, 
4  73057  2>- 
4-73336  ^l 
4.73015  26 
4.72994 
4.71973 


^05407 

4.05  45  B 

4.05561 
-;.056l3 


1.05664 
4.05716 

.05767 
4.05S18 


24 


4.72953 
4.7293"^ 
2911 
4.7289C5' 


.72848 


33: 


XC.05 

10.0534c 

C5347 

10.05360 

I00536J 

'  0.053  73 
1 0.05  3  So 
10.05386 
10.05393 


'0.33245  4.05^7214.72827 
10.33221  4.0602314. 728c<; 

10.33197 
to.33173 

I0.33M9 

io.33ro~i 
10.33078 
10.33054 
10.33030 
10.  ^5  3006 
ro.'r-tiS: 


4.0607414. 72785 
4.06 1 25 '4.7  2  7  65 
4.0617714.72744 

4.c6228j-l.72723 

4.06279J4. 72702 
4.063304.72681 


10.32958 
to.32934 
10.3291C 
10.3288 


3  10-05407110-32839 
Co-fee.  1  bcciii) 


4.C6381 
4.06432 
4.06483 
•t-06533 
406584 
4.06635 
4.06686 
■'i-06737 
4.06787 
406838 
1-        - 


4-72660 

4.72639 
4.72618 
^59^7 
4.72576 
4-72555 
4.72534 

sn 

4.72492 
4-7247 


■.ic\U 


'62,  Beg.) 


(28  Dcg.)         Smes,  Tgngents,  Secants,  &c\ 


M>i 


Siijc     <Co-lne 
).67r.''i 


mp,.  Co-ttn. 


6718 
.■•67zo8 
.;/»7232 
■.67256 
.;.67-i8o 
>  67303 

;-673r4 
;-67J9 


V-y4J';3-y-7i5"7  10-2743 
V-94J<<7'/'-7^3  9'^^o-274o:- 
9945609-7^623  10.1737  • 
9-945  7  3  9-7^^*59  i°-2734J 
9-94.5<57  9-7i68>y  1027311 
\>-<)456o^  72720  10.2728 
9-94553'9-72  750  lO-^/.a-^t 


9-9-154'^9-75t78oio.27i2c 

9-9-i54'^9  72811  10.2718-^ 

y-94J33  9-7*^41  10  a7i5< 

'  9-945^6  <;.7^<572  10271  zS 

y-6742rl'y.945  k;  g.j2'jo2  io.iyo()> 

ii  ;'>7445i9-945^  'i/^'Ji*  *f^L*7_of'fe 

y. 6746^19  945069  72963'ic.27037 

1027007 


y.6749i|9.g4499»-72993 
7-^75  i5'9-9449i  9- 730^3 


-,  ,^^, ,,.,-,.„  3^3.2697- 
^9-67539i9-94485;9-73054;io.26946 
7i9-^756:;9-94479!9-73o84l'--269i6 
j8|).675Ji6;9.94472|9.73ii4!io.268u6 
I Viy^6o9|9.94 46519.711441  to  26856 
2o'9.67633J9  94458i973i75  10.2682.5 
2i|9.67056|9.9445iJ9-732o^  10.26795 
22j.;.676.-^o,9  94445l9-7323j 
23!9-67:o3:9-9443^9-73265 

24!9.67726,9.9443i9-73295 


-Ice.  IV.  LSinc 


Secant.  , 

.0.05407110.32339:4-^0^;)^ 
10.0541  _fjlo.328£5'4.o688y 
10.05420110  3 1-07 '4.o693y 
I  -•-054271x0.32768  4.o699u 
io.o543^jio.32744''4.0704C 
10.05440]  10.3  i72cr)4-07C9i 
10.05447110326^7  4.0714 1 

10.05454J10.32671 


10.05460  10.37650 


10.32626 


4.07192 
4.0724^ 
4.07292 


i  0.05  4  6 
1 0.05  474 
ioo54'^t 
10.0548; 

TO.054./4J10  3253214-0/4/4 
ID.05501  10.3250'    ''^'"^''^ 


1 0.3 260214.073  4  . 

iQ  3^57914-07393 

ro.32^ 


^.67982  9.94355 


>. 680060. 


)l994349  9-73»5 


37  >.6S02y;y.9434i 

9.68052:9.94335 
9.68o75',9. 94328 
>.68o98;9.9432i 
9.68121  9.94314 
9.681449.94307 


9.0610719.94300 
9.681909.94293 
9.633i3'9.942o6 
9.682379.94279 
;.6826o  9.94273 
9^68  282' 9.94266 

9-68305^99415^ 
).68328  9.94252 
9.683jr'9,9424s 
9-683749.04238 
9-683979.94231 
;.68420  9.9422 


10.05508; 
10.05515: 
I -.05521 
10.05528 
to!  05535 

10.05542 
. .  -  10.05540 
IO.26765II0.O5555 
iO-i6735;io.o5562 
10.26705110.05569 
10.26674  10.055; 


^519-6  7  750,9-944  i.1 

-619.677739.94417^  .  .      __„ 

2719.67796^.944109.73386  10.26614  1^.05590 
28j^. 67820*9. 94404 

-i9U67843'9-94397 
.30 -;.67o66;9.9439o 

.U  9.67690I9.9438C 

32  9-679^319  94376 

33  9-6793<> 9-94369 
o4|9.67959;9.9436 


[  0.26644' 10.05583 


0.26564!  10.05596 
{0.26554110.05603 
10.26524' 10  05610 
10.26493I10.05017 
10.26463  10.05624 


10,26433 
10.26403 
10.26373 
10.26343 
10.26313 
10.26283 
10.26253 
10,26223 
10.26193 
10.26163 
io.26i.3.{ 
10,26103 
10.26073 
10.26043 
10,26013 
to.  25  9^ 

io.25953 
10.25923 
10.25893 
_  .  „  10.25864 
19.74166 10.25834 
'9.74T96II0.2580 


J0.0563I 
1005638 

10.05645 
10.0565  X 


10.0505  8 
10.05665 
10.05672 
10.05679 
1005686 
T  0.05  693 


10.05700 
10.05767 


.;.68443'9.94ii7iy-74i26|io.25774 
).68466  9.942  to  9-74256  10.25  744 
;.63489  9.94203,9.742^6110.25714 
;.685 1 29  94t96'9. 743 16: 10.25684 
9.685349.941899-74345110.25655 
j.68557'9.94122  9:743  75!io-25  625 
Co-fine  I  Sine     Co-tan.'  Thiij 


y  -f-    

5t^.;.or44tj4.7^^x8 
4.72197 
4.72176 
-i- 7  2 155 


407544 

•07595 
4.0;  645 
4.07695 


10.3225c 

10,32227 

r.  0.3  2204 

10.32180 

10.32157 

10.32134 


47 
*6 

45 

4.72134U4 
4-72ii2'4^ 
4.0  7  74.';'l4-72y9i:42 
4-07795!4-7^o70  4i" 
4.o784,5|4.72049'4-> 
4/O789514.72028  3  ) 
4-07945!4-72007;38 

4.07995  4.7I9^.5!3^. 
40804514.719643;, 

4.ooOy5'4.7-'943',5S 

4.o8i45!4-7l92*;34 

4.c8i95;4-7i90i" 

4.08245:4.71879 

4.o8-294;4.7iS5^ 

4.o8344'4.7Ift37 


n 


10.32110 
10.32087 
10.32064 
10.32041 
10.32018 
10-31994 
10,:;  1971 
1(531948 
10.3  T925 
10.31902 
10.31879 
10,31856 
10-31833 
10.-;  18 10 


10.05714I10.31787 

io,o572i|io.3i763 

10.05727JIO.3174C 

10,05734  10. -?  171'^ 

1005741 

X0.05748 

10-05755 

10.05762 

10.05769 

J  0.05  776 


10.31672 
10.31649 
10.31626 
10.31603 
io.-3i58o 
i"ac5783jio.3i557 
10.05790x0.3 1534 
10.05797110.31511 
XO.05804  10.31488 
10,05811  10.31466 
10.05  818:10,3 1443 
Cn-fec.      oecaiiL 


^,.1^1 

,4,ca3.y4^t  7i8ioU'^ 
4.084444.7179428 

408493  4-7I773I27' 
4.085434-717521 26 

4.o85924-7i7."i|25 

4.08642  4.71 '09'24 

4.006924-716881^^ 
4.oS74T4-7i667:a2 
4.o879T4-7i646;2i 
4.o884o'4-7 1624:010 

4-088894-71603  jr) 

4.089394.715^2,  ig 

17 
6 

15 
14 
i.f 
12 
II 
10 
9 


4.06968  4.715^0 
4.090384-71539 
4.090874-71515^ 
4.09136  4-71496 
4.091854-71475 
4.092354-7^454 


10.3 1 095  4.092644-71432 


4-09333 '^^  7  Ml  I 
4.093824-71389 
4.094314.7136^ 
4.094804-71347 
^^.£^^^9  41/1325 

4.095784-71304 
4.096274-71282 
^.09676  4-71261 
4.097254-71240 
4.097744-75-218 
4.098234-71197 

'V.  SincJA^ 


£0£ 


Table  of  Logarithmic 


(29  Heg.) 


8jy.6373y  y.y4-i  26  y  74613 


).2'-4i; 

-,,--,.,,,,.        ,..  -.    -^53«: 

9  'y.6;i76i|9.y4ivy  y.74643  io.^5357 
iob.68784Jy-y4i  1^^-7467,3  »o.a53i7 

Ti9.6<i8^7  9.94105  9.74702  io.2j2;;8 

2|9.63"29|y. 94008  9  7473'^  10.25208 
:3'9.6S852!9. 94090  9.7476: 

4  9^.4875 jy.940.<3  9.74791 
13  9.tS897j9.94076  9-74^2i 

6  9.6892o!9,94o69  9  74-^3 1 
X7  9.68942J9.94062  9.74880 

8  9.6896519.94055  9^74910 
19  9.089(;7J9.94O48  9-7493V 
9.94041  9.749/j'.; 

9-940 ,34:y-7499X 
9.94027:9.7302^ 

9.940209.75038 
9.940129.75087 


209.69010 

21  9.6903  a 
2  9-69055 
39.69077 

24  9.69100 

T5  9.69122 
269.69144 


i,686vi 


94 

). 94154  9.74494110.255^  6 
9..;4 14 7  9.74524  io.2547(, 
9.941^0  9.;  4554  10.25.^46 

5i<3  1 


31  9.69256  y.93963 

32  9.69279  9.939^5 
;,3  9-69301  9-9394^ 
349.693239.93941 

3519-69345  9-9393< 
36;9.f-9368  9.9392; 

3"7i9-69390  9-9392<^ 
38;9.694j2  9.939i'- 
39J9.69434  9.9390.4 
40  9.69456  9-93i^i/^' 
4i!9.69479  9.9389) 
42Jy.6950i  9.9388., 

4.?J9-69523  9-93H7< 
449-695459-93^6^ 
45  9-69567  9-93^6: 
46I9.69589  9  9385 
47;9-696ii9.938< 
48iy.69633  9-93^4 
49  9.69655  9.938/ 
5019.696779.938:^ 
5I;9-69699  9.938j, 
52i9-6;>7ai  9-93^1 
53J9-69743  9-938o 
541969 765  ;.*.-37'. 


5519-69/87  )  y378. 
5619.69809  9.9378 

9.69831  ■)(jy,'^ 
9.698539.9376. 

^'|9-69875  9-937^ 
oo9.6(.8o7  9.M-.-1 


75235 

9-75  i94 
;-75323 
9-75.^^5 


•75ii/ 


9-94005y,_  , 
,  ,  ,  .9-9399^  9-75146 
27  9.6.;i67j9.9399X9.75i76 
239.091899.939849-75205 
299.692129.93977 
■09.692349.9-970 


>-754ii 


.^•755<=  ■ 
9-75529 
;-75558 
A7555^^ 

i-75<^47 

;-757o5 
/  75 735 
/•7576-J 

/•7579,"< 


rc.23231^ 
0.24209 
c. 25 179 
10.25149 
10.25120 
10.2509c 
X0.25061 
10.25031 
J  0.25002 
J  0.249  72 
10.2^9^2 
024913 
0.24883 
1024854 
io.  24824 

10.24795 
10.24765 


1005860  ro.313 

1 0.05  8  6} 


10.06002 
10.060C9 
10.06016 
10.06025 
10.247.3^6110.06030 
10.24706jio.0603  7 
io.24677'ioo6o.'}5 
10  24647^10.06032 


10.24589110,06066  ^"-30655  4-115^5 


hl^A^l  ^°-24559|jQ-g'6o73  i°-3_Q632 


^.75470  10.24530  10.0608 

0.245 ooUo.c6c88  "^305^-58 
0.2447 il  1006095  ■'c>.3056<^ 
ro.24442|lo.c6co2  10.30544 
10.24412  10.06109  40.30521 
10.24383  10.06116  I -'-3<"'499 
:.6i2^ 


^.75822 
..7^852 
■7j8c.J 
•■7591  = 
•75939 
•  7596  V 


■7599^' 
.76027 
.76o?6 
.76086 
76115 


ro-24353;-i 
10,24324:1^.-0613: 


!<^-3i352  410018  4.7H11J56 
!0.3 132914.10067  4.71089I55 


6J4. 10113  4.71068 


.o..,i  2^414. Ioi6j 
0,3i26£J4.io2i3 
10.05881  10.31236:4. 1-.261 
iooj;88e:  fo.31216j4.io2 
■o.:5895  K.3II93U.ic35^ 
•::;o2  ro.3ii7i|.}.io4o 

rc.-.5yIC 

0,05917 
10.05924 
£0.05931 
10.05938 

o.0594.^ 
1 0.05  y5  2 
io.oj95(^ 
10.05966 
IC.05973 
:0.0  c  98: 
10.05988 


10  3ii4«^.). 10455 

10.31 1 25  ;4' 10504 
10,3110314.10.55? 
1 0.3 1080.4. 1 060 ! 
10.3105814.10649 
10.31.03514,10697 
1^.3101314  1074^, 
;0.30y90!4.1G7y/> 
10,30.y6ol4.Io842 

i^jC945^4-i-89i 
10.3092314.10939 
10.3090cU.T098  7 


10.30875  4. 1  io,i5 
io.3o856!4.ii:83 
i'^-30<^33  4-,wi3r 
10.3081  i 
10.30788 
10.30766 

icr3'734 
10.30721 
10,30699 


71046 
4.71025 
4.71003 
^^  7  09  8  2 
4.70960 
^.70939 


09  J.  7 
4.70896 
4.70^4 
4.70853 
4-70831 
70810 
4.70788 
4.70/66 
4.70745 
4.70723 
4'70702'3. 
4.7o68uf36 
4. 7065  8!  ]5 
4.706371-5 
^6i5!i 


4.111794.70593 
4.1122:  4-70572 
4-1 1 275  4'7'35.55 
4.ii323!4-70528|29 
4-113711^.705 
4.U419J4.70485J2 


y-/5.i.j3  iJ2404  7.io-0()03  2  <■'  •.i'-'"y9'4-ii4i9  4-704<i5i27 
;.75332  10.24O18  10.06059  10.30677  4  1146714.7046312x5 


ic,';col0  4.ii6i 
4.1 1658 

.  nro6 
2  10.30544 


4-70398 
4-70377 
4.70355 
17544.7C333 
4-ll8cit4. 70317 
Il84'/!4.'/0290 


10.24295110.06138  10,3 


0.30477 
iO.30455 


304; 


10.30411 

10.30389 
I. -.303/); 


10.24265  ic.o6i4j 
10.24236  10.06153 
10.24207: 1006160 
10.24178U0.C.61671I0. 
fo.24148  IC.06174  10. 
ia24 1 19  10.06181^^-3030: 
10.24090  io.o6i8v  ^°-3<^279 
io.24o6ijio.o6i96{  1^-30*5  7 
10.24031110.06203  ^0.3(^235 


5^-345 
30323 


10.24002I10 

10.23973 

10.23944 

10.23914 

,  10.23885 

•  76144  10.2385 
T 


;62i  J 

10.06218 
ic.06225 
10.;  6232 
IC.0624C 
.j'lC.06247 


IC.30191 


-^^563 


4.70442(25 
4  •75430 1 24 

23 
22 
21 

20 


\l 

4.ii697|4-7--68|i7! 
H.iT944  4.70246li!>j 
4.ll9924-70224|l5l 

4.I2O3y|4.70203Jl4t 

4.1208714.70181113! 
4£:ti34l4.70i59|ia 

I2l82l4.70l37tit 
lO 

9 


4.12229  4.701 
4.12277J4. 70094 
'•1252UJ4.70072 
4.123724.70050 
4^17419!.;. 70028!  6 


4.i2466ix|.7coo6 
4.12513U.69984 


10.30169  4.1256114.69.^63 

10.30147  4-T26o8; 4.69941 
10.30125  4.I2655-4.69919 

30103  4-12702  /i.69897i 


(30  Deg.)       Sines,  Tangents,  Secants,  &:c. 


1=^3 


IMj_bu_ 

219.69^41 

3i>).6;96.; 

5;y.7oo.6 
6'97ooi8 
7!9,7oo_>o 
8J9.70077 
9 '9. 7009.5 
iOj9.7.ui5 
119.70137 


)  93 ^'95 
>.9.i^B7 
,.93680 

lz!9.70."-oly.9;,66'; 


9-93  75.1 

;.93738 
9-y373i 
/937i-{ 
;-937X7 
9-93 'o.> 


'lai.£,  jCo-runj^i  a.-.ai^t  :  Co-fee.  j  V 
9.76i44,io.23H5aio.o6247  ^0}oy,\^7xi-jo2  ^.f).)%r,r^Gc 
•;.76i 7.^110.13827, io.c,^254, 0.3008114.12749  4.6987 skg 
9.767.02110  23798,10.06161,10.300.-914.12796  4/>98f7i5;^ 
9.76231  I0.2}76;;io.o6269iio  300  ?7!4.I2844  4.69^31^57 
9.7626J  10.13739. xo.o6276lio.3oor6'4.ia8;i  4.69809156 
oji0  237io,io.o6z83|io.29994|4.T29^8  4  69787!>< 


•"■"iuo  io.2;68i  i-cj.  62QI, 


io.2997aj4-ii9^^  4.69766 


V. , •370219.7034^110.236521  io.o0zi;d|ro.2995oi4.i3O32  4.69744 


•i 
t3;9.7oio. 

14,9  70i02 
T5^9.70i24 
169.70243 
«7,y-7'-'267 
18.9.7CJ88 


9-9365  <^ 

9-9365- 
9-93643 


^93636  9.76609 
>9302%.76639 


9.7637'7Jio.23623lio.C'6305 
9.764o6jio.2359Vio-o63 
9-76435MO- 23565110.06320 
9. 76464  io.2353'6;  10.06327 
9.7640 -'10.23507110.06335 

9.76521110.23478,10.06342 
9.76551  io.23449|To.o6.;5c 
9.7658c  10.23420  10.0635/ 


9.93606 
9-93599 


h'y 


19^9.70310 
209-70332 
2i;9-7--'353 
22j9.70375  >>.93i9i 
2319.70396  9-935^'4 
]4i9:704i8 
2519.70439 
2/^9.70461 

ly.70482 

i9-70504 
^9i9-70525 
30  9-70547 


10.23391 
ro.23361 

;->'3^-i|g.7666^[xci23332 

y.93614' 


io.oft36j 
1006372 
r -.06379 


9.7056^ 
9.70590 
9-70611 
9.70633 
9-70654 
9-7o675_ 
9  70697 


9-935^y 

9-9.^547 

'-'■<532 
y->3525 
9-9351 
9-93510 

9-93495 
/•  934^7 
9.9348c 


9-707i8i9-93472  ,., 
9  7073919-93465' V.7 


4^19.70761 

4^9.70782 
42970803 
ii|9.7o8Zi 
44|9-7o846 
45  9-70867 
46]9.7o!:88 
9.70909 
9-7^931 


9.7^952 
9-70973 
9.70994 
9-710x5 
9.71036 
971C58 
y  71079 
9.711  o 
9-71121 
9-71142 
9.71163 
9j7i£84 


v'-y3457 
9-9o45o 
;-93443 
;-93435 
9-93427 
9.93420 

9-93405^ 


9-93390 
.-933^2 

9  93375 
9-93367 
9-93300 
9-93.35-^ 


9-93344 
9-93337 
9-93329 
9.93322 
9-93314 
9-93307 


9-766-;7 
9.76725 
9-767T4 
9--67H3 
9.76812 
0.7604  r 

9.76870 
9-76890 
9-76928 
9.76957 
9.76986 
?.T70Tr 


9-77-44 
9-77073 
v'.77ioi 
7-77'30 
•;-77*.'<; 
977188 


>.772i7 

7.77246 

7274 


10.23303110.06386 
10.23275' 10.0639J 
I  '.23246  10.0640? 
10,2321-?  i?.c64o.v 
10.23x88;  10  064 1  < 


T0.23I<;o 


10.23130 

10.23  1 01 

10.2307 

10.2304 

10.23014 

10.2298? 


10.22956 
10  22927 
10.22099 
10.22870 
10.22841 
10.22812 


ro  22754 
ro.22726 
10.2209;- 
ro.22668 
10.7,2670 


9-7730,, 

9-77332 

9-77361 

9-77390i^O-226rc 

9.774l<i  10-22582 

;.774-17!io-22553 

^.77476110.22524 

9-77J05PO-22495 

9-77.':33'IO"22467 


9.77562  10.22438 
9.7759ij^O-22409 


10.06423 


rc.0643: 
10.0643?' 
1 0.064, -.6 
10.06453 
10.0646; 
10.0646}^ 
ro.o64~75 
10.06483 
r  0.0649- 
ro.06498 
10.06505 
roo6cT  -; 


10.2071  ^ 
10.29690 

i0.2;668 

[  0.29647 
^0.29625 
•  0.29604 
10.295  ^2 
ro.2956i 
J  ^-25539 
ic.295,18 
0.29496 

i':.29475 

-07-} 


•  0.06520 
10.06528 

•  0.06535 
10.06543 
10.06550 
10.06558 
10.06565 
10.06573 
10.06580 
ro.00588 

!  0.06595 

to  c66o'? 


io.2>928;4-i3079  469722 
;io.29907j4-i3i2?  4.69700 
10.298854.131724.69678 
TC.29863  4-13219  4-69656 
/o.2984r|4.i3266  4.69634 
io.2u8ioJ4-i33i3  4-69612 
10.2979^14.13360  4.69590 
10.29776J4.13406  4-69568 
10.29755  4  13453  4-6':.T46 
X0.29733I4.13500  4.69524 


i.i  '?r.')6  4.69502 


v^.2943 


10.29410 
10,29389 
10.29367 
ia29346 
r:..29- 


4-i359.>  4-69480 
4.136404.69458 
4-13686  4-6943'' 
4.137334-69414 
4.13779469392 
4.^38264  693  7r 

4.138724-69348 
4.139194.69326 
4-13965  4.69^04 
4.140x24-69281 

_  4.14058,4  69259i3_ 

•:l4-I4ro4'4.ft9237J3c 

I4ljl;4.692i5|29 


10.29303 
10.2928.1 
iO.2  .z6i 

10.29239 
10.29218 

X0.29T<)7 


io.29176 

10.2915., 

10,29133 
I0.29II2 
I  c.  2909 1 
10.29069 


10.06010110.29048 
io.o66i8|io.29027 


;nt-  'r 


9.77734 10.22266 
9.77  763110.22237 

9.7779i'io.22209 
9.77820  IC.22180 
9.77849,10.22151 
9-71877  10  22123 
,  Tai  .   n 


4.14080 
4.15026 
4.15172' 
4. 15 1 18 
4.15263 
4-15209 

10.066561I0.28921  A-'i5Z5S 
10.06663;  10.28900J4.1530C 
10.0667 iji 0.28879  4.i5-i46 
10.066781 10.28X5  M4.15492 
10.06686:10.28837  4.15537 
xo.o6693|io.288x'^  4.15583 


9.77619  10.22381110.06625  10.29D06 
9.77640  10.22352  io.06633110.28985 
9,77677:10.22323  10.c6640iio.i896 
9.77706  10.22294  10.06648iio.2894 


4.14197'4-69I93  28 
4.142434.69171127 
4142904.691492,6 
4-14336  4.69127  25 


/H4382  J.6oTO,l| 
4.l4428,4.6;o&2 
4.144744.69060 
4-1452014.69038' 
4.i4567!4.69oi6 
4.14613I4  68994 
4^rj6^>  1.1.689  71 


■1-14705  4.68949 


4-14751 
4.14^97 
4.14842 
4.14988 
4-14934 


4-68927  16 
4.6890  <f 
4.6888-, 
4.6886c 
4.688^ 

4.66810 
4.68794 
4.68771 
4.687/)9 
4.68727 
4.68705 
4-68682 
4.6866c 
4.686V 
4.6861C 
4.685^:. 
4-68^7]- 


"^59  ^^SO 


i34 


Table  of  Logaritlimic         (31  Bfeg»J  } 


Im^ 


9-9.3307 
0.93299 
9.93291 

9.9326^ 
9-9  U''^  I 


9  'j-i^s:, 
9.93246 

9-93'238 

9-y.n3o 
9-93^23 

I3i9-7i456  9-93207 

1,419.71477 

J'519-71498 


9.93200 
9-9319?.  9-78306 


9.93184 


9-7  7«- 7 

^ 7 7935 
9-77963 
9-77992 
9.78020 

_/^78£49; 
9.78077; 
9.78106; 

9-7«i35t 
9-78163I 
9-781921 

9:78^2o; 
9,78:149 

9.78277 


9-;'5334 


16I9.7I319 
17I9.75539 

i8|9-7i56o 

i9!9.7i53i 

ioi9. 7x602 

2119.71622 

229.71643 

23^.716649.9313119.78533 

249-71685  9.93i_23i9.7K^6 

a5'9-7i705J9-93ii5  9^'^S-jo 


9-931779-78363 
9-_932^;  2£^39i 

9-9316119.78419 

?-93i54i9-7'^448 
9.95146J9.78476 

9-93i3i^J9.78jo5 
9-93i3i'9-7: 


269.7172619.93707 
^79-7^7479-93100 
9.71767  9,93092 
299.717889.93084 


9.78618 

9,78647 
9.78675 
9.78704 


^09.7180919.93  37  7i9-7'873^ 


5r;9-7i829'9.93o<'>9;9.7370o 

2  9. 71850(9.93061 
.39.7187019.93053 
349-718919.93046 
359-719119-93038 

7.9-7i9J2  9-93022| 


■j9-7i973 
;9i9-7^993 


9.93007 
40j9-72oi 4  9.92999 
4119-72034  9.92991 

9.92983; 


42|9-72Q5.'> 
43  9-72075 


44  9>72096l9.92968: 


9.72116 
9-7213  7 
9-72157 
9.72177 


9-78/89 
9.73817 
9  78845 
978874 
9.78902 

97^93^ 
9.930 14J9. 78959 
9.789 '.\^ 
9.7901.S 
9-79043 

9-.7_yOy2 
9.79100 
9.79128 
51.79156 
9.79185 

9'7>>2r3 
9.79241 


9.92976 


9.92960 

9-92952; 
9.92944 
9929^6: 


9-72X98J9.92929|9.7926t; 

9.722iV;.9292i  9-7929? 
-  9-72238!9.929i3i9-79326 
52  ■9-72259  9.92oo5[9.79334 


9.7227919.92897 
9-722991  ;.9  288.; 


9.79382 
9.79410 


y.723.o{9.'9288 
9.72340  9.92S7J 


9.72360 

89.7250I 

9.72401 

9.72421 


:o-l:n' 


9.92866 

9.92S58 

9.92850 

9.92842 

Sine. 


^P- 7  94  3  8 
9-79466 
9- 7  5495 
9-79523 
9-79551 
9-79579 


2212-^ 

2209.': 

2206r 

2203  • 
22908 

2i98r- 
2195.3 
2192;, 


'Co-icc. 


10.0^093! 
(0.067J1 
10.06709 
to.06716 
lo.o.')724J 
1-067311 
10.06739! 
10.067^1 
2i3.;4]io.c6754 
21865  10.06762! 
21837  10.06770! 
2i8c8  10.06777! 
2^780  10.067^5! 
2x751  10.06793; 
21723110.06800' 
21694I  10.06808: 
2i666jio.o68i6; 
21637110.06823! 
2i6o9Jio.'->683"ii 
2i58i;iFo.c6839' 
21552:10.06846' 
.74! 
21495  ;io.o6o'62J 
2r4'j2  1C.06S69; 
2143810.06877! 
2F4ro;io,o6885 
21382110.06893 
2i353'io.o690o 
2x3^5110.06908 
21296  io,o6yi6 
2126.310.06923 


21240  X 0.06931 
21211I10.06939 
2ii83'io.o6947 
2ii55!io.o6954 
21126JIO.06962 
2 1 098!  10.069  70 
2i07o'xo.o"6y7^ 
21C41  10.06986 
21013  10.06993 
20985I10.07001 
2095711007009 

20y28'lO.o7OI7 


209OOIX  0.0  7024 
208721IO.O7032 
20844:10.07040 
20815  10.07048 


0787 
20759 


20731 
2070,' 


XO.O7056 

10.0706^ 


CO.0707) 
10.07079 
20674110.07087 
20646  10.0709' 
20618  10.07X03 
20590110.07111 
2.S562  10.07 1I(; 
205  3  4L1 0.0  7 126 


(jSDegO 


20505 
20477 
20449 
20421 
tigent 


10.07134 

10.07x42 
10.07x50 

ID  07158 

Go-fec. 


i6.2??795 
10.28774 
10.2?*  ;'C3 
10. 2  ?f  7  32 
10.28  7>i 
10.28690 
to.  2  8  660 
16.28648 
10.2862-7 
10  28607 
10.28^86 
10.28565 
r  0.2  85  4  4 
10.28523 
ro.28if02 
10.28481 
10.2*461 
10.28440 
10.28419 
10.28398 
10.2S372 
10.28357 
10.28336 
10.28315 
10.T8T95 
10.28274 
10.28253 
XO.28233 
10.28212 


^-,.15483  4.6&5;','.  ; 
4.15528  4-*8j4Mr  I 
4.15574  4.'"'B5^6L4 

4.  x;^  665  4  •'^848^  I  f^^ 

4.X57I04. 684591^ 

4-15  75^,4.6843  7i'i;4 

4.l58oV4.6S4i4!^ 
4.I5846  4.68392' 1:2 
4.i5292>.68369rT 
4.1593  7i4.68347:'^o 
4'.r5982!4.r.n'32c^O 
4.16028:4. 683Qi'4r> 

4.1607 -,11.68280  7-- 

•  ^"Bj4.6825  7  46 
4.i6'i63{4/>g?.3r4^ 

4.16^0814.6821344 

4-i6?53|'4.68i90  43 

4.162974.68168^2 

4.l6344l4.68li;s  41 
4.1638914.68123  40 
4.16434  4.68100  ^.^ 
4-164794.68078355 
4.l65  24]4.68ou;7* 
4.i656.>l4.6go3;U6 


4. 1 06 14 
4.16659 
4.167&3 
4.16748 
4.16793 
10.2819x14.168^,8 


.68? 


10.2817x^4.10803 
io.28i5c{4-i692- 


O  T  O  -^ 

4  67988  V4 
4.67965  3  . 
4-67943  32 
4.67920  c}!. 

4.67897  '^S 

4-67875  2ol 
^..67852  2.i" 


10.28130  4.16972  4.67830 


0.28109  417017 
10.28089  4-1 706  T 
10.28068  4-1 7106 


X  0.2  8048 
10,28027 
XO.28007 
10.27986 
IC.27966 
10.27945 


XO.27925 
10.27904 
XO.27884 
10.27863 
iO.27843 
10.27823 


10.27802 
10.27782 
XO.27762; 
to.27741 
10.2772f 

10.27701 


to.276.so 
10,276604-17994 
to.27640  4.18038 


4.I715I 
4-17195 

4-17240 

4.17285 
4.17329 
4^17374 
4.17418 
4.17463 
4.17507 

'4.1 755 1 
417596 
4^7640 

4.17685 
4.17729 
4-17773 
4-17817 
4.17862 
4.17906 


4.67807  26 

4.67785  2i 
^J^-7622-l 


2T 


4.<>7739  23 
4.6771722 
4-6769421: 
4.67671  iy' 

4.6764919' 
4.67626  ig 

4.6760477 
4.67581  16 
4-675581?] 
4-67536141 
4-67513  13I 
4-67490  I g 

4.67467^1 
4-67445'iO 
467422!  Q 
•67399  & 
4.67377 
4.67354 


10.27619 

IC.27599 
£0.27579 


4.1:7950  4-67331 
4.67308 
4.67286 


4.18082 
4.18127 
4.18171 


4.67263 

4.67240 
4.67217 

v.,  iJincbl. 


m 


32  Deg;)       Sinds,  Tangents,  Secants,  &g. 


loj 


iv5 


Si. 


■Co-finc(  Tan  jr.  f  Cn-tin. 


^.7242119.92842  9. 79579  10.204^1 
9.92834i9.796o7 10.2039.^ 
9.92826,9  79635  10.20365 
9.92818J9. 79663  10-20337 
9.9281019.79691 10.20309 
9.9z8o3[9,?97i9  10  20281 
9-9279519  79747''Q.20253 

9.92787  9.79776  ■I0.202^ 


9.72441 
9.72461 
9.71482 
9.7*502 
9-72522 
9.72C42 


9-72J02 

9-72582 

9.72602 
9.72622 


149.72663 
ri9.7268i 
1419.72703 

1519-72723 
169.72743 

17.9.72763 
"  9-727_83 
19  9  72803 
*o  9.72823 
219.72843 
229.72863 
239.72883 
2^  9.72902 


9.92779  9.7980410.20196 
9.92771  9.79832.10.20166 
9.92763  9.79860,10.20140  10.07237 
'  1007245 

10.07253 


II  9.72643  9.92755  9.79888'io.2oii2 


9.9274-'  9-79916  I0200i^. 


9.92739  9.7 ;?944 10.20056  10.07261 
9.92731  ;>.79972!io.20028  10.07269 

9.927239.800  0|I^-2"COo  10.07277 

9-92715  y.8oo28jio.f997:  10.07285 
9.92707  9.80056  I0'i9944  10,07293 
9.926009.80^  i|io.T99r6  ro.07^oi 


»5  9.72922 
*6  9.72942 
*7  9.72962 
*«*  9-72982 
299-73002  . 
]£9.73o7->  9.92603 


9.92619 
9.92611 


-'  9.73041  9.92595 
3^:9-73061  9.9258 


ro.07158 
10.07166 
10.07174 
10.07182 
1007190 
10.07197 
10.0720^ 


10..  7213 
10.07221 
10.07229 


92691  9.8-.i  121^0-19888  io.o;3.-^ 
.>.92683  9.80140  10.1986c  ro.07317 
9.92675  9.80168  10.19832  1007325 
9.926679.80195  10.19B05  10.  7333 
9.926599.80223  10.1977;  10.07341 
9.926519.802^1  10.19749  10.07349 
9.92643  9.80279 10.19721  10.07357  10.27078 
9.92635  9-80307  10.19^,93  io..  7365  10.27058 
9.92627  9.80335  10.19665  10.07L373  10.27-038 


9.-<o363 
9.8:391 


;.8o4T9  10.1958 

0.19553  iO.O 


9.8044: 
9.80474 


.54 

'56 

■57 
58 
59 


343 

9'73455.9-9^4«5 
9-734749-924'6 
9.73494  9-024C 8 


9-7351319-92400 
5-735339-92392 
9-7:^55'^  9  62384 
9-73572  9-9-376 
-  9-73591  9-92367 
6oJ9.736iii9.92359 

Co-iinc      Sine 


10.19637 

10.19609 


10.19526 


-, 7  4-19655  4.6C43£ 
6879I4.19698  4.66415  25J 
4.66392  24' 


33:9.730819.92579  i>.8o'-o.'  10.19498  ro.0742110.26519  4  19611 
349.73101  9  92571  9.80530  10.1947c  10.0742910.26899 
559.731219.925639.8055810,19442  [0.07437.10  '_ 
3^  9^3i4o9-n<-.':T  9.8o>86iO-j94i4  10.07.^45 [io.2686r 
37  9773160  9.92546  780^14  10.19386  J0.o-454jia2684" 
3^  9.73180  9-92538  9.80642  10.I935S  10.074621I0.26820 

39  9.73200  9-92530  9.80669  10-19331  rQ.07470!io.268oo 

40  9.73219  9.92522  9.80697  io.19303  1^.07478110.26781 
:"*' 9-73239  9-9  5149-80725  10.19275  rc.07486110.26761 
d?  9- 73259  9-92506  9.8o-'  1 3  iav/147  10.07494  TO  26741 
[43  9-73278  9.92498  9.80781    0.19219  ic.07502'10  20722 
?44  9.73298  9.92490  9.80808  10.19192  10  07510  10  26702 
U5I9  733189-924829-^083610.19164  10.07518:10.26682  . 
46J9.73337IP.92473 9.8o8^4  jo.19136  io.o7527iio.i6663!4.20i72 
47i9-73357|9-92465  9.80892  10.19108  io.o:'535|io.26643'4.202i5 
48)9.73377  9-9245 7,2£2219  '°-iy^i  10  07543  io.26623'/!.2025c 


Co-tcin.|    Tang. 


Co-fcr.    V^Sine 

418171  4 


.      ,.6721760 
418215  4.6719459 


10.27579 

1027559  .  ...... 

10.275394.182594.671725 
10.275184-18303  4.6714957 
10.274984.18347  4.67126.56 
10.274784.18391  ^.6710355 
10.27458  4-18435  4.67080  54 


27438 
fo.27418  .      „ 
io.27398  4-18566 


4.08478  4.6705853 
4.18522  4.67035152 


[0-273784-1861 


10-27357 

I '^-.2  73.17 


4.18654 
4.18698 


10.27317 
10.27297 
10.27277 

10.27257 

10.27237 
10.2721,- 


10.27197 

J0.27I77 
10.27157 
10.27137 
I0.27II7 
10.27098 


,„8i|io.27oi8 
tc.07389]io.2699S  .  ,  ..,  .   .,_ 
o-07397!io.269;g  j_T9482  4-66530 


4-18741 
4-18785 
4-1 8829 
4-18872 
4-18916 
4 18960 
4-19003 
4.19047 
4.1909: 
419134 
..1917:^ 
419221 
4.1926J 
19308 
4.19351 
939:^ 
4 1943^ 


1 0.0  74 


405;lo.26959|4..y525 


3:10.26939  4-19568  4-66484 


4.67012.5 
4  66989I50 
4.66966  49 
4.66943148 


4.OO920  47 
4.66897  46 
4  66874  45 
4  66852 
4.66829  43 
4.66806  42 
4.6678^ 
4-66760 
4.66737 
4.66714 
4.66691 
^.66668 


4-66645 
4-66622 
466599 
4.66576 
4.66553 


4.66507 


4.66461 


4.i_974_i 

4.19784  -..003C,9J23| 
4.19828  4-66'346  22 
4.19871  4-66322121. 
4  19914  -•>.66799Jio 
4.1995;  4.^6276  19! 
4;66253|^8' 
4.6623CI17 

4.66207  10' 


4-1995 

4.2000c 

4T2C643 
4.20086 
4.20129 


9.81030  10.1^970  10.07575,10.2654514.20429 
9.81058   IC.I8942     10.07584    10.265264.20475 

9.81C86  i'.i8qu  1007592  10.26506  4.2051;, 
9  8IH3  10.1 8S8  10.07600  IC.26487  4^2055^ 
9.8114I  10.18859  10.0760810.264674.20601 
9.81169  10.18831  10.07616,10.26448  4.20643 
0.81196  10.18804  10.07624  10.264284  20686 
9.81224  10.18776  10.07633  lo.26409'4. 20721-. 
9.81292:10.18748  10.07641  10  263894.20771 
'''  ^"^^  ^"^  


Co-itc.i   becant 


4.66184 
4.66i6i 
4  ('6137 
i.66114 


4.66oyi 
4.66068 
4.66045 
4-66o2i 
4-65998 
4.65975 


4-65952 
4.65929 
4-65905 

4.65C8X 

4.6S859 

.65836 


(57  I)eg.) 


jo6 


Table  of  Logarithmic         {^^^  Beg.) 


r«/i     .siiK 


09.73611.9.92359 
9.736.3019.92351 


29.73650 
39-73669 
49-73689 
59-73708 
9-737517 


9-73747 
9.73766 
9-73785 
9-73805 
9.73824 
9-73843 


9  73863 
9-7385<". 
9.73901 
9-73921 
9-73940 
9  73959 

9-73997 
9.74017 
9.74036 
9-74055 

^74^'7ii 


9-92-343 

992334 

992326 

9-92318 

9.92310 

9.92302 

9.92293 

9.92285 

9.92277 

9.92269 

9.92260 

9.92252 

9.92244 

7-92235 

9.92227 

9.92219 

9.92211 

9.92202 

9.92194 

9.92186 

9.9217 

9.92169 

9.92161 


9.^1252 
9.81279 
9.81307 

?-Si335 
>3i362 
9.81390 
9.81418 


9-74093 
9-74TI3 
9.74132 
9-74151 
9.74170 

9-74189 

9.7410!^ 


9.92152 
9.92144 
992136 
9  92127 
9.921 19 
;  •9ZII.; 
9.92102 


I'ansr.     Co-ran.  >  Secant 


9.81448 
9.81473 
9.8150C 
9.81528 
9-81556 
9-81583 
9.81611 
9.81658 
9  81666 
9.81693 
9.81721 
9.81748 
9. 8  £776 
V- 81 803 
9^1831 
^.818^8 

9.?,i'm 

9-8rQi^ 


^74227  9-9209^ 


9.74246 
9:74265 
9.74284 


9.92086 
^.9207; 
9.92069 


9.7432219.92^52 

9.7434ij9.9?.o.r.! 

9-7436oJ9-92035 
9-74379J9-92027 
9-7'!.lv8!9-920i8 
9.7441119.92010 
U3{9-74436!9-92002 
J44!9.74'i55  9-9^90.? 
J45j9.74474  9-91985 
|46  9.74493i9-9i976 
47!9-745i2|9.9i968 
4^;(v.7453'!9-9i95'- 


49I9-74549 
5019.74568 

51J9  74587 
5219.74606 
530.746259.9191 


9.9 1 95 1 
9.91942 
9-91934 
9-91925 


9.7464 

974662 

9.74681 


). 01908 


9.91900 

9.9I091 
9.74700J9.91883 
9-74719  99187^ 
9.7473719-9^866 

6o!9-74756'<^-9i857    

(Co-linei     tSinc    Ujp-t 


9.0I94Z 
9.81968 
9.81996 
9.8202.; 
9.82051 
V.82078 
9.82106 
/•S2135 
9..-216; 
•;  82188 
ca822I5 

9.8^243 

9.82270 
9.S2298 

y.823-25 

9.82352 
9.82380 

2^va40  7 

9. 824.35 
9.82462 
9.82489 
9.82517 
9.82544 
9^82571 

y  825^9 
9.82626 
9.82653 
9.82681 

9.82708 
982735 
982762 
9.8279c 
9.82817 
9.82844 
9.8  28  7  J 
982899 


10.18748, 
10.18721! 
10.18693} 
10.18665', 
10.18638I 
10.18610} 
1018582! 

IC.18555! 
10.185271 

tO.lgjCOJ 

10.18472 
to.18444 
10.184x7 


10.07641 

10.07649 
10.07657 
10.07666 
10.07674 
10.07682 
TO.07690 
10.07698 
10.07707 
10.07715 
10.07723 
10.07731 

10.07740 


10.18389 
10.18362 
ic.  18334 
10.18307 
10.18279 
10.18252 
to.  1 8  224 
ro.>8i97 
10.18169 
10.18142 
10.18114 


10.07748 
10.07756 
10.07765 
ro.07773 
io.07781 
10.07789 
10.07798 
10.07806 
10.07814 
10.07823 

IC.o;8-J,l 


10.18087!  10.07839 


10.18059 
10.18032 

to.  1 8004 
I -.179  7  7 
10.17949 

ro.  17894 
10.17867; 
10.17030 
10.17812 
10.1778? 
10.1775/ 
16.1 7  730 
10.17702 
10.17675 
10-1764^ 
10.17620 
10.17593 
iai7'565 
ro.ij?538 
10.17511 
10.17483 
10.17456 
10.174-29 


10.07848 
ic.078';6 
10.07864 
10.07873 
10.07881 
T'\o7859 


10.07898 
10.07906 
10.C7914 
X  0.07923 
10.07931 
f 0.0  79 40 


10.0794  b 
i  0.07956 
to.07965 
10.07973 
10.07987 
(0.07990 


10.07998 
ro.o«co7 
10.08015 

I0.c80  2.: 

r  0.0803  2 
10.08041 
ro.080.19 
1 0.0805  R 
10.08066 
10.08075 
10.0808;; 
10.08092 


10.0810G 
1 0.08 1 09 
10.081 1 7 
10.08126 
10.08134 
10.08143 


Tinj^iT 


Tangent'  Co-lcc 


Co -fee.  ,  V.S- 

o 

•o, 

26350 
0.26331 
0.263 1 1 
0.26292 
0.26273 
0.26253 
;o.26234 
0.26215 
0.26195 
0.26176 
0.26157 


:o.26i37 
0.26118 
:o.26o99 
0.26079 
0.26060 
:o.26o.di 


263894.20771 
1.263704.20814 
4.20857 
4.20899 
4.20942 
4.20984 
4.21027 
4.21069 

4-21 J 12 
4.2IIU 
4.2II97 
4.21239 

4.212 


4.65836 
4.65812 
4.65789 
4.65766 


4.6574256 
4.65719 


4.65_6£6 


4.65673 
4.65649 
4.65626.^- 
4.65602  50 
46557949 
2  465556  48 

4,213244-6553247 
4.21366  4.65509  461 
4.21409  4.65486  45} 
4.214514.6546244} 
4.21493  4.6543945! 
421535  4.65415  42I 


0.26022  4.21578  4-65392 
0.-26003  4.21620  4.65369 
0.25983  4.21622  4.65343 


0.25964 
0.25945 
0.25926 
0.2590' 
0.25887 
0.25868 
0.25849 
0.25830 
0.2581 1 
0.25792 
0-257-73 
0,25754 
=^•25735 
0.25716 
0.2569:' 
0.25678 
0.25659 
0.25640 
:a2562i 


4.224184.6492221 
,22459  4-64898  20 
0.25602  4.22501  4-64875  19 
0.25583  4.22543  4-64851  18 
0.255 04I ,."11584  4-64878  17 
0.25545I4-22626  4-64804  16 
■  4.22668  4.64780  15 
4.22709  4-6475- -^^l 
4.22751  4.64733^3 
4.22795  4^ 709  £3 
4.22834  4-64686  II 


0.25526 
-•2550; 
o.25jj88 
0.25^60 


0.25451 
0.25432 
0.25413 
025394 
0.25375 
025356 


22876  4-64662  10 
4.229174-64638  9 
4.22959464615    S 

4.230004.64591    I 
4.23042  4.64567  J* 

0-2533& 4.23083  4.64544  5 
0.25319  4.23125  4-64520?  4 
0.253004.231664.64496  3 
:o.2528i  4.23207  4.64472  ^ 
0.25263  4.23249  4-64449 
°'H'^  4.23290464425 
Secant  'v.  Sin-  ^^^ 


40I 
39) 


15 


4.217044.65322  38 
.1.217464.6529837 
4.217S8  4.65275  36 
4.21831  4.65-251 
4.218734.652283 

1915  4.65204  33 
4.21957  4.651 8 1  32) 
4.219994-6515731 
4.22041  4.65134  IP 
4-22083  4.6511029 
4.22125  4-65087  28 
4.22166  -1.65063  2. 
4  22208  4.65040  26 
4.22250  4-65016  25 
J. 2 2 291  4  649c 3  24 

4.22334  4  64969  23I 
22376  4.64946  22j 


/(343>eg.)       Sines,  Tangents,  Secants,  &c. 


l^ 


Sine      Co-fine 


9.82899 
9.8*926 
"395. 
.98 


9-7475^  y-9i^57 
••747759-91849, 
9.747949.918409 
9.748129  918.^2  9..  _^__ 
9.748319.918259.83008 
9.74850  9.918J5  9.83035 
9^748689.918069.83062 
9T748H7  9.9179819.83089 
9.749069.91789:9.83117 
9.74924'9-9i78i|9-83r4H 
9-74943'9-9i772i9-83i7i 
9.74961  9-9i763|9-^3i9^. 
9.74980,9.7 1 7  ^y '9-^3^25 


9-74999i9-9' 746,9.43252 
9-75017  9-9i738|9-8338o 
9-75036:9.9172919.83307 
9- 75054:9  91720i9.833.s4 
9-75073  9-91712  9-83361 


18  9.75091  9.91703 


9.7511019.91695 
"9.91686 
9.91677 
9.91669 
9.91660 
9.91651 


i9,    - 

20I9.75128 

aii9-75i4. 
2219.75165 
23!9-75i 

2419.75202 

25J9-7522I 
269.75239 

27|9-7525B 
,8.9.75276 
29|9-75294 
309^7531 

3ii9-7533i 

32:9-75350 
33l9-753''^8 


9.9x591^9.8.;  740  10.J6260 
9-9i582|9-837<j8io.i6232 
9-9157319-^3795  "^"'-    " 


34'9-7J386  9-9156519-23822 


35,9-75405 
36I9-75423 

f3  7i97544J 
'38'9-75459 
39  9-7J478 
40:9-75496 
■4119-75514 
42|9.75533 


,  _  ,9-75551 
449.75569 

45,9.75587 
46:9-75003 
479-75624 


9-75^ 
9-75660 
9-75678 
9-756/ 


9  914.^3 
9.91425 

9.';i4i6 


9-757149-9^07 


48 

49 
50 
51 
52 
53 
54 

5519-757699.9135. 
569.757879-91372 
579-758059.91363 
589.758239-91354 
59  9-7584i|9-9i34: 
6o|9- 75859!  '^9£33f 
rCo-iiiiel  ■  biiic 


9.7573. 
9-75  75 


9.833^ 
9-83415 
9.83442 
9.8347c 
9.63407 
9-83524 
9-83551 
9.916439.83578 
9916349.83603 
9.9162519.83632 
9.9i6i7|9-83659 
916089.83686 
9.91599I9-83713 


io.16205 

-y-j"j  ,  -^~-'~  •IO.16178 

^•9i556!v-83«49^°-i6i5i 
9-9i547i9-^3876  ro.i6i;j4 

9-91538I9-83903  ^0.1609 
9.91530:9-8393''  '^'  ^^~~ 
;.9i'52i;9-83957 
9.915 12'9-83984 
9.91504:9^4011 
9.9i495!y'84038 


Co-taiii 


IO.I7I01 
10.17074 
10.17047 
10.17020 
io. 16992 
ro.i;)96^ 
.0.16938 
10.16911 
ro.  16883 
io.i68;6 
10.16829 
10.16802 
10.16775 
10,16748 
10.16720 
10.16693 
io.i666(S 
to.  1 6639 
10.16612 
10.16595 
10.16558 
10.16530 
10.1650J 
10.16476 
10.16449 
10.16422 
10.16395 
10.16368 
10.16341 
10.16314 
10.16287 


Secant      Co-icc.  iV.fc.inei 


10.08280110.24946 

I0.0828S 

10.08297 


10.16070 
10.16043 
1O.16016 
1O.J5989 
10.15962 


10.08143  10.25244 
10.0815 1  10.25225 
10.08160  10.25:06 
10.08168,10.251 
10.08177110.25169 
io.o8i85jio. 25150 
IQ.Q8194J10.25132 

"3 


10,08202110.251: 
10.08211 10.25094 
10.0J219  10.25076 
10.08228J10.250.?  7 
10,0823710,25039 
10.0-8245  10.2502 
10.25001 


0.08254 
10.08262 
10.08271 


10.083C5 
10.08314 
10.08323 
10.08331 


10.24983 
10  24964 


10.24927 

ro.24909 


10.24890 
10.24872 
10.24853 
10.24835 


10.0834010.2481^ 
^008349  1C.24798 


10.08357  10.24779 
10.08366 
008375 
10.08383 
£0.08392 
r  0.0840 1 


10.08409 
10.08418 
10.08427 
10.08435 
10.08444 
10WC845' 


10.24761 
10  24742 
10.24724 
10.24706 
10.24687 
10.24669 
10,2465c 
10.24632 
10.24614 
10,24595 
£0.24577 


9-91486  i/.84o65  I0.1J935 
9.9I477J9-84092  10.15908 
9.914699.84119  J0.15801 
9.9i/:6oi9-84i46io.ij854 
9.91 -15  t|^-^4i7.^  10-15827 
9 . 9  i  4  4  2 }  9^84200  j  10^^580 


9-9 1 39  J 

9.9*38. 


9«4227jio.i5773 
9.84254,110.15746 

9.84280110.15720 

y.84307i°- 15693 
^.84334  10-15666 
9-«4?6iiio.i5639 


•y.i^-LSt!^' 10.15612 

9-84415 
;.84442 
9.84469 
9-84496 
;.84,r2'; 


Co-tan 


10.15531 

10.15504 
10.15477 
i'aiiec-n 


10.08462 
[0.08470 
10.08479 
10.08488 
10.08496 
10.08505 
10.08514 
10.08523 
ro.08531 
10.08540 
10.08549 
10.08558 
10.08567 


4.23390464425 
4.644:11 
4.64377 
4.64354 
4.64330 
4.64306 
4.64282 


4.23331 
4.23373 
-.23414 
4.23455 
4.23496 
4-^.-3^38 

23579 
4.23620 
4.23661 

4.23702 

4.23743 
4.23784 

23^25 
4.23866 
4.23907 
4-23948 
4.23989 
4.24030 


5; 

57 
56 
55 

54 

4.64258J53 
-•235152 
4-6421 XJ51 
4.641875c 
4.6416349 
4-64l3->  48 


424071 
4-24112 

4-24153 
4.24194 
4.24235 
4.24276 
24316 
4-2435  7 
4.24398 
4.24439 
4.24479 
4^24520 
4.2-1561 
4.24601 
4.24642 
4-24683 
424723 
4-247_64 
4.24804 


4.6411547 
4.64091  46 
4 64068  4^ 
4.6404444 
4.64^2043 
4.65996 /to- 


4-639; 


41 


10.24559   .   . 

10.2454114.24843 
10.245224.24885 

10. 24  ^  0414. 349?  6 
10.24486.14.24966 
10.244674.25007 


10.2444914.35047 
10.2443114,25088 
10.244-1314.25128 
10.2439514.25168 

10.243  7  &I4.25  209 


4-63948  4c 
4.6392439} 
4.63900  3g} 
4.63876  37J 
4-63852  "^6 
4-63828^^ 
4.63S04  ^4 
4.63780  33 
4.637563s 
4-6373231 
4.637^  30. 
4.63684  :i"^ 
4.63600  2 
4.6363627 
4-6361226 
4.63^88  2  V 
4:63564  24j 

4.6351622 
4-63492  21 
4.63468  20 
4-63444  19 

4.63420x8 

•63395  ^7 
4-63371  16 
4.63347  ^5 
4-03333  14 
4-6329913 
-^•6327512 
4.63351:11 


10.243^84.25249 

J.,  10. 24340J4.35 2 C59  ..-^-^-.x. 

10.085 75|io.24322!4-2533oU-' 3236.10 
'^.o85b4iio.24304U.25370  4.63202'  " 


10.08593  lo.24286'4-254io 
io.o86o2jio.  24267  4.25450 
10.086 1 1(10.242^  ^4-25491 


■V63178J  S 
4.63154    7 

__iL12^  ^'' 

Tc86i9:io  2423l!4.2553x{<.o,iiu5.  3 

lo,o<^628  i0.242i3i4-2557ij-:.f>308lj  ^ 

0.08637  10.2419514.25611)-;. 6.5Q57  « 

10.03040,10.2417714.2565114  630;^  a 

10.08055  10.2415914.25691  J4-630CS  1 

110.08664  Jo.24(4i!4- 3573 1 1-^.6298^1  c 

C'~  ■.::.■    ^.-..n.   ':  i  .'.  Sint-fv 


(SS  I^egO 


O  a 


ao8 


Table  of  Logarithmic  (35  Deg,^ 


M     Sine_^,  Jdo-fine 

75859  9~9I336 
.  75^77  9-91328 

2  9-75895  9-91319 

3  9-75913  9-913TC 
49-759319-91301 
59-75949991292 
6  9.75967  9.91283 


09. 
19- 


79-759859-9^274 
9.76003  9  91266 
■;.  7602 1  9.9125; 
10  9.76039  9.9124?:! 
'    9-7605? '9-91 2 39  .     ,     , 
9.76075  9.9 1230  ;.84845 
9.84872 


76093  6.9122J 
9.76111  9.9121'? 
9.76129  9.91203 
9.76i46;9-9li94 
9.76 1619.9 1 185 
9.76182  9-9 1 17' 
9.76200.9.9116; 
9.76ai8'9-9H58 
9.76236;9.9n49 
9.762f3:9.9ii4i 
9-7<>27r  9-9113^ 
9.76289!9-9ti23 


9.7O307I9.911M 
9.7632^9.91103 
9.763429-91096 
9.763609.9108 


Tang'. 

;>-84523 
9-84550 
8.576 
;.846o3 
9.8463c 
>84657 
9.84684 

';847ri 
•^-8473  ^■ 
9.84764 
9.84791 
>.848i 


9.76378 
9- 7  6395 

9-76413 
9.76431 
9.76.148 
9.76466 
7.76484 
;■  76.-01 

9-765I9 
9-76^37 
9-76554 
9.76572 
9.76590 
9.76607 
^r66T^ 


9.91078 
9.91069 

9.91060  9-^5354*  kTi  4646 
9.91051 


9.7666c 
469,^6677 

9  76695 
4^  9-76712 
499-76730 
^  9-76747 
51  9.7676^ 
529.76787 

9.;68co 
549.79817 


9  76B3. 


Co-cang. 

10.15477 
10.15A5C 
<[o.i5424 
T0.15397 

10-I537C' 
10.153.13 
10.15316 

10.1528^ 
10.1526:^ 

»O.I?2,!6 

10  15209 
10.15 182 
10.15155 

^....,^,.10.15728 
9.84899JIO.T5IOI 
;.84925iio.i5075 
^8495210.15048 
9.84979  ro.15021 
^85006  ro.i499i 
;.8;o33|Io.i4^7 
9.85059  10.1494) 
9.85086:10.14914 
9.85113JI0.T4887 
9.8514O1I0.1486C 
9.85166  10.14834 
9.85  i;3jf^i  4807 
9.85220I10.T478C 
9.85247lio.];4753 
;.85273tTo.i4727 
9.8530o!io.i47oc 
.;.8532-'io.i46v3 


9.85380,10.1462c 
9.910C2  9.85407110.1459? 
9. 9  T 03  3  9.85 43 4!  I o.  1 45  6 6 
9.91023I9.85460  io.14540 
9.9ioi4|9%487  10.1451;.: 
9.9  foo5i9.855  r4  10.  I44'86' 
9-70996I9. 85540}  J0.1446C 
9.90987:9  85567:10.14433 
9.9C978,9-85594  10.14406 
^.909699.85620  10.14380 
9.90960:9.85647  10.14353 
.  9-9095  1,9-^5674  10*1432^ 
9.76642I9.90942  9-85700  10.  I43C0 
9-9>;33'9-^5727. 10.14273 
9-90924  9-85  754'io.T4246 
9.909159. 85780  10.1422c 
9-90905'  ■^85807- 10.14193 
9.9oM96  9.%834lo.i4if)( 


,  9^8879.35860:10.14140 
9  9o8-3  9-85^87jio.i4iT3 
9.90869  9. 859i3;ic.i  4087 
9.90860  9.85940:10.1406c 
9  9o85r9-8i:967!io.T4033 
9.90842  9''5^993J  10.14007 
986020110.13980 


[56  9-76852  9-y--'..-'y .y^.^jy^^ 

|J7  9-76870 '9.90823  9.86046  10.13954 
158  9.7688719-908149.86073  10.13927 
L"'/J9-76904|9.9o8o5  9.86100  10.1390c 
|6o  9^7692219.90796  9^86126  10.13874 
I      Co-fincl   Sine.   ;L'o-tan.  I  iiiiiicnt 


Secant 
[0.08664 
[O.08672 
:o.o868i 

0.C869C 
:  0.08  699 
r  0.0870^ 
o.  8717 


0.0^,720 
o.o873z- 
[0..874 
0.0875: 
0.08761 
[0x1877c 

^"877'. 
0.0878F 
:o.c8-^'0: 
0.08  8  o< 
o.o83i^ 
0.08824 
[0.08833 
1 0.088  42 
[o.o8i^5i 
:o.o885f, 
:o,o886!r 
roo3877 


Co-fee. 


[O.2414T 
0.24123 
:  0.24 105 
.0.24087 

0;24069 

:  0.24051 
:o.24033 


;o,240i5 
10.23997 
;  0.239  79 
;o.2396i 

10.23943 

O  2'?92t 


to.oh'SSG 

[0.08895! 

:  0.08904 
:o.o8oi3J 

f0.o8922j 

O'  8931: 


:o.co94G 

o.o?.<)ao  '■ 

:  0.0895  8 

:o.o8967': 

08977. 

0.08986 
:a(^995' 
"0.09004 

0.09073 
•0.09022 
:o.0903i 
[0.09040 

0.09049 
:  0.0905  8' 
;o.o9o67 
:o.09076 : 

0.09085 
to  09095 


4-2573114-62984, 
4.35771  4.62960) 
4-2581 1J4.62936; 
4-25851  4.62911 
4.2589i!4.62887 
4.'^593i|4.62863 
4..2597i'4.62838 
4.2601 14.62814 
4.26051  4,62790 
4.26091  4.62765 
4.26131  4.62741 
4.26l7l'4.627i7 
4^26211 14.62692 


.o.239"7 

;o.23889 
0.23871 
0.23854 
to.23836 

;02l8l8 


4.26-5 1|4.62668 
4.26290  4  62644 
4.26330  4.62619 


4-263; 

4.26410 

4-26449 

4.^^489 

4.26529 

4.26568 

4.26608 

4.26648 

4.';.6687 


VSinc 


■62595 
4.62570 
4.6254<[> 
4-625'2i 
4.62497 
4-62473 
4.6^448 
4.62424 
4.62399 


4  20/27 

4.26767 
4-268.6 
4-26845 

4.26885 

26924 
.f.  26964 
4.27003 
4.27042 
4-27081 

4i37l2I 
4.27161 
4  2  72CC4-<>-iO<50 


4.27239 


4-62375 
4-62350 
4.62326 
4.623b  I 
4.62277 
4-62252 

4- 62221 
4.62203 
462179 
4-62154 
.62129 
.621OC 


.62056 


4.37279  4-6203 
4.273174.62006 
4.273564-61982 
4^273964.61957 

4-2743514-61933 
4  27474'4  6l9c8 
4.275x314.61883 
4-27552'4.6i859 
4.275924.61834 
427631  4.61809 

4-270/04.(11785 
4.277194.6176c 
4.277484.61735 
4.27796  4  617 ic 
4.2786  7. .:.6i686 
.1.27852  4.6166) 
4.27904  4.61636 
4.279434:61613 
J. 2798214.61587 
1.28c2i'4.6l562 
4.28069  4.61537 
4.28099  4.61512 


59 
58 
57 
56 
55 
54 

53 
52 
51 
50 
49 
4? 

47 
46 

45 

44 
43 
42 

41 
40 
3^ 
38 
37 
36 
IS 
U 
3J 
3^ 
31 
1? 
29 
28 
2; 
26 
25 
24 


iV.    b! 


(54  Deg.) 


a 

I 
d 

if 


(36  Dsg.)     Sines,  Tangents,  Secants,  &c,. 


109 


'o-fine]  Tang. 


iVH      Sine 


«|9-76957 
3J9.769749 
419. 7699 1  9 
9 

9 
) 
) 
f 

9' 
9 

9 

'/ 

) 
9 
9 
9 
9 
) 
9 
9 
9 
9 
9 
9 
9 


5'9-77009 

y9'-7K43 
89.77061 
9:9-77078 

io,9-77^9i 
11977112 

ri,9-77i3o 

1V9-77147 
149-77164 

T59-77i8i 
i69-77i9y 
i7  9-77ii6 

18  ?£7_7_23 3 

19  9-77MO 
ao  977268 
2i'9-7728i 
a2'9-773oz 
23:977319 
24  9-77336 


25'9-773i3 
z6\9-7737o 

27"9-773^7 
28'9-774o3 
a9'9-77422 
3o'9-7743'j 


3119-77456 
3*:9-77473 
3319-7749: 
34'9-77507 
35|9-77524 

36  9-77i4_i. 

37  9-7755^ 
389.77575 
39J9.77592 
40'9.776o; 
4r'9.77626 
42j9.77643 
439.7766c 
449.77677 
45;9-7769^ 
46:9-77711 
47j9-7772; 
48i  97^7744 
49'9-7776] 
5ol9-77''7J^ 

9-77795 

9-77812  9 

9-77829 

9-77^^4^) 

9-77862 

9-77879 

9.778y6 

9-77913 


51 
5^ 
53 
54 

55 
56 

57 

58 

59 
60 


•997969.80126 
.90787  9  86153 
.907779-^6179 
.90768  y.86206 
.90759  9-86232 
.907509.86259 
^0741  9-86285 
.90731  y-863 
.90-/22  . 
.90713  y.86365 


■77946 


v^o-iiv; 


Co-tan<)[-.    bcciiut  i 


^12 
•86338 


.90704  y.8y392 
,;o6y4  9.86418 
.90C85  9^-644^ 
.90676.9-80471 
.9066;  9.50498 
.90657  ^.'^6524 
.90648  ^•»655J 
.90639  9-^6577 
.90630  )fi<  to^ 
.9C6BC  y.oOOjO 
90611  y.60050 
.90602  ^.86o-  3 
•9059^-  9-66709 
-9058^  y.86731. 
•90574  ?-86762 
.90565  9  86789 
■9^555  9-86815 
.^05469.80842 
•90537  9-86808 
90527  9.8689.1 
■  905-1  ^9-86921 


90.v>9  v-^0947 
-y0499  9-86974 
.90490  9.87000 
,9041^09  87027 
.90471  9.8705. 
90 -16 2  ^.870'  f) 


-453  9'8 7106 
90443  9  ?.7 132 
•904049.8715:- 
.9042i<  9.87185 
•90415  9.87211 
■90405  987238 
90396  9.87264 
903A  9.8729c 
•903779^7317 
•90368  9-87343 
903589-^7368 
•90349  9-87396 


0.13185  10.0944J 
.0.1315810.0945^ 

IP.13X32  10.09473 
.13106  10.0946, 


9-339  V<> 74 2 2 
903309.87448 
903209-874751 
-9031 1  9'8750I 
9.87527 
9-87554 
9  275S0 
9.87606 
9-S7633 
9-''7659 
9-87605 


,0301 

.902  )Z 


.9--.02 
,10273 
.90263 
,90254 
9-7793  9^^0244,  ,-^ 
.90235  9.87711 


0.13874  10  09204 
-i.i3847!io.092r3{ 
0,13821 10.09223J 

13794,10.09234 
0.13768,10.09241 
0.13  741110.09250 

n  7 15 '10.09259! 


3688'io,09269 
0.13662 10.09178 
:o.i3635'io.o9287| 
:o.i36o"8iio.o9296i 
.0.13582  10.093061 

3555  !:°-^3JJ 
;o.i3529'ib^9324 
.0.13503  10.09333 
0.1347610.09343 
.13449.10.09332 
o  1 3413110.0936 1 
o.i3.v;7'io.0937o 


0-133 /O,io.0y3oc 

13344  IC.09309 


0-13317 
0.13291 

o 13264 

0.13238 
;o.i'i2ii 


10.09398 
10  09408 
10.09417 

10.09426 

'0  0943  s 


0.13079 


0.1260^ 


10.0948; 
10,09491 
10. -59501 
10.0951.^ 
10.09520 

10.09329 
10.09538 


0.13053 

0.13036 
0.13000 
0.12973 
0.12947 

0.129?.! 

.0.12894  10.0954b 

o.ii86h 

o 12842 

0.12815 

.0.12789 

0.12762 

o'l2  736 

:0.1271c 

,0,12083 

0.126^,7 


io.Oy53  7 
10.09300 
XiD.C93  7G 
10.0930' 
io.0939} 


10.09004 
10.09614 
10.09623 
10.0963; 
0.12631^0096/,  2 


10.09651 
io.O90v:.i 
10.09070 
iO.Oy68.. 

.0^089 


o.  Itc.  y.  >  ir  I 

23078  4.iJ:'(-'y>  4.013  x26c 
230614-281384.61488,5 
,23043  4.28177  461463:5^ 
,23026  4-^8216  4.6l438[5  7 
23009  4  28255  4.6l4i3!5( 
22991  4.28294  4.6i388!53 
22974  4-28332.  4.6i363!54 
,22957  4-28371  4^6133^53 
,22939  4.28410  4.61314  52 
22922  4-28449  4.61289  5 
22905  4.28487  4-'  1264  50 
22888  4-2<i5 26  4.61239  49 
22870  4'28565  4.61 
22853  4.28603 
22830  4.28042 

228j94-2868l 

128014-28719 
,22784  4.28  75  ^: 
22767  4.2879(' 
227504.28835 
227324.2887,;  -t.0iox5  4c 
227154.28913  4-6  990)39 
.226984  28^50 
22681  4.2<i9..y 
-2664  4-2902; 


48 

4-01  .^^9  47 
4-6116446 
4.6113945 
4-61115  44 

4.01-9043 

.61065  42 

4.61040  41 


22047^4. 290U!.. 
22630J4.2910. 
2261 3 14  291 4i 
2259514.2918. 
225784.29219 


12561 


22544  4.2929C 


2252; 
2251c 
22493 


224764-29.-- 
.22^59  4-^94^ 

^•29525 
4-29563 

29001 

42963; 
2967;:: 


22442 
.22425 
2240c 
32391 
22374 

22357 


0.12578 

0.12352 

0. 1 25  25 

o  12499         ,      , 

012473  10-0969^ 
0.1:446  10.09708 
0.1242c  IO.09718 
.0.12394  10.09727 
X. 1^.367  ic,C9737: 
0.12341  1C.C9746 
o.i23i,^c  10.09756 
o  1228V  ^0.09765 
vJo- 


,2234c 
,22323 
■223C6 

,2228-^ 
2227. 
22  25t 
2.230 
2  222/ 
222c  J 
22iEV 
.2217i 
221^1 


2213J 
22121 
2210, 

,22087 
2207  c 
22054 


4.29257 


4- 293.34 
4-29372 

4  2  94  re 


4.2;7i6  4.6o4< 


4.29868 
4-2990* 
V94 


4.0o9« 
-♦■60941. 
.60915 


4.U(-.byC 

4.60805 
4.6o84o'3 

815 
4.60790 
•i.60764 
1:607^ 
4.00713 
.1.60689 
4.60664 
i-60639 
4-6c6i4 
4.6C5T9 
4.61,56/1 
4.60539 

^i-<>^5J3 

4.60-86 


4.29754  4-60438 
4.297924.60 13 
4-29830  4-60388 


.60362 

^'0337 

4.6o.;i2 

460287 

3  020 4.6. 261 


09bi 


1.3005  s 
...30096 

..>ox3-. 
t.  ',0171 


,0209*4- ^'0135 
4..P247'4--oiic 
4-.^,0285'4  6':c&4 


4.60236 
4.6o:ij 
4.60186 
4.6ci6c 


123''^ 


.600' 


3oy/d  4-<JCCoi. 


110 


Table  of  Logarltlimic 


(37  I>eg.) 


M 


Sine    (Co-fine 


o,9-77946j9-90235 
i,9-77963J9-902a5 
a,9.7798o;(;-902i6 

39-77997 
49.78013 


987711 
9.87738 
9.87764 


9.901069.8779 
-,,  .  .9-90i97|9  8r8i, 
5  9-78030 9.9018719.87843 

6;  9- 7  8047  9-90178  9-87869 

7J9  /•i;o63J9.9oi68,'9-87895 

8  9.7808019.90159I9.87922 

9,9.7809719  90i49i9.:i7948 

9.78ir3!g.90i39!9.87974 

9.78i30j9.90i3o!9-88ooo 

9.7814719  9oi7,o|9  88027 


9.7bi03'9.9Oiii|9  68053 
9.78i8o;9.9oroi|9-88o79 
9.7819719.9009 1'9. 88105 
9.782i3|9.9oo8z|9>28r3i 
9.78:^.30 9.90072.9  88158 
fy. 78346:9  90063:9^'"  " 


9.78^639.9005319-68210 
9.78280  9.90043J9.88236 


9.78296 

)'-783i3 
9.78329 
9.78346 
9.78362 
978379 
9-78395 
9.78412 
9.78428 
309.7844.5 
319.7846J 
9-7i--^478 
9.78494 
9.78510 
9.78527 
9-78543 


9.90005 

9~8l?995 
9.89985 
9.89976 
989966 
9.8^956 


9.7856c 
.  78576 

9.78609 


9.900349-88262 
9.90024988289 
9.900149  88315 


9  88341 


Co -tane;.  [  Serant 
10.12289  10.09765 
10.09775 
10.09784 
TO  09794 
10.09803 
10.09813 
10.09822 
1009832 
10.09841 
10.09851 

xo.o9"6i 
X0.09870 
10.09880 


ro  12262 
10.12236 

10.12210 
10  12183 
10.12157 
rr.12131 


10.12105 
10.12078 
10.12.52 
10.12026 
IO.T20CC 
IO.H973 
10.11947 
10  11921 
IO.I1895 
CO.I1869 
10  11842 
I1816 


9.88367 
9-88393 
9.8842. 
9.88/I46 
,  ,..-.  988472 
9.899479-88498 


9-«99.>; 
9.8992; 
9.8991J 
9.89908 
9.89898 
9.89888 


>.8y6;9 

9.8986 
9.89859 

989^49 


9.786251989840 
9  7864219.89 
9. 7  865  819. 89820 
9.78674  9.8y8l0 
9.78691^.89801 
9.787079.89791 
9.787239.89781 
97S7^jly.  89771 


9.7^75019. 8976J 


9.7»77^^ 


9./87^8f9.8974 


.9.8975; 


9-897.^2 
9.89722 
9.89: 


9.7880^ 

9. 7  88  .z  I 

94  97883^7 

9-78853  ;8>7^. 
.  A78869  9.8969,. 

57  9-7888oi9.8968} 
58I9.789C2I9.8967J 
hv  9.789 1%.89663 
[0 ::iv.  7 893419.3965  i 


9.5u52I 


rc.11790 

10.11764 

ro  11738 

10.11711 

10. 1 1685 

ro.11659 

raTi63"3 

10.11607 

1011580 

ro.11554 

10.11528 

10.1150 

10.114.76 


10.  ^ 

ro.09899 

10-09900 

10.09918 

10.09928 

10.09937 

10.09947 
ro.09957 
10  09966 
[0.09976 
.ro.09986 
10.09995 


Co-fee.  ,V.  Sine 

10.2205414.30398 
10.22037.4.30436 
10.22020I4.30474 
10.22003  4.305 1 1 
102198714.30549 
IO.21970I4.30587 
o.2l953'4.3o6:4 


4  60008160 


59 


10.21937:4  3^'<^62  4.59831 


1021920 
10.21903 
10.21887 
10  21870 
1021853 


9  8S550  ro  11450 

9.88576 

988603 

9.88629 

9.886^,- 


9.88661 
9.88707 
9-88733 
988759 
9.88786 
988812 
9.88838 
9.88864 
9  88 8y0 
9.88916 
9.88942 
;.88o68 


10.11424 

ro.11397 
10  1 13 7 1 
rc.11345 


ro.11319 
10.1x293 

10.11267 

10.112/11 


IO.ICO05 
10.10015 
10.10024 

ro.ioo34 
10  10044 
ro.  10053 


10  IC063 
10.1C073 
10.10:82 


10.21837 
10.21820 
10.21803 
[0.21787 
10.21770 
10.2.1754 
ia^7j7 
10.21720 
10.21704 
10.21687 
10,21671 
10.21654 
10.21638 
10,21621 
10.21605 
10,21588 
tQ.21572 


4.30700 
4.30737 
4.30775 
4.30812 
3085 


10.21539 

10.21322 
10.21506 


10.10092110.21490 

.TO  IOI02J10.2I473 

ro.ioT  T2ilo  21457 


10.10I21J10.21440 
10,10131  10.21424 
ro.ioi42|io.2i4o8 


10.1C151 


o  11214J10  10160 
10  iii88;io.ior7.c 
io.iiT62|to  10180 
10.11136I10.10190 
10.111101X0.10199 
10.11084110.10209 


10.21391 
io.21375 
10,21358 
10,21342 
10,21326 
io.21309 
10.21293 


ic.i  105  8|io.io2i9  10.21277 
10,1103210. 10229 


4.30888 

4.309*5 

4-30963 

4.31000 

4.31036 

4.31075 

4-31112 

•31150 

-31187 

4.31225 

31262 

4.31299 

4.31337 
4.31374 
4.31411 
4-31448 
4.31486 
3152.^ 
4.31560 
4-31597 
4.31634 
4.31672 


4'.59983., 

4.5995858 

4.59932 

4.599©7 

4.59882 

459856 


•59805 
4.59780 
4-59755 
4.597*9 
4-59704 


4.59678 
4.59653 
4.59627  ,^ 
4-596o2|44 
•J957643 
'bl?i5^;43- 

4.595*541 
4-595oo!40 
>-59474i39 
4-59449:38 
4-59423'37 
4.59398,36 


4-593;2}35 

4.59i47|34 

4.593*1 

4.59*95 

459*70 

4-59244 


4.59*19 
4.59193 
4.59167 

-  -      .     4-5914* 
4.317094-59116 


4.3i74'M.5909o!24 
.317834590651^3 

.1.31820  4.59039^22 
4.31857  4-590i3'2i 
4.318944.5898820 


4.3193M4-5896* 
4.31968!4.58936 


Co- 


;.88994;io-*lico6, 10.10239 
9.8902o;io.io98o^io.io248 
9.S9046  io.iC954|ic'.io258 
9.8907  }|io.io927'io. 10268 
9.89.09;'io.  10901, 10.10278 
.  9.89/25110  10875:10.10288 
^.89 15  ilio- 10849  1°  10298 
9.89177110- 10823  10.10307 
98^20310-10797  10.10317 
;.iw?  229  10.10771  10.10327 
y  89255;io.io745  10.10337 
9  89281  1"'-70719  10.10347 
Co-tan.  i^  «n-er.r  j  Co-fee. 


4.32005 

^3'.i042 

4-3*07-9 

4.3*116 

10.2x261^.32190 

10.^124414. 3T227 
10.212284.32264 
4-3*300 


10.21212 
10.21195 
xo. 21170 


4-32338 
4-3*37 


4.58910 
4.58885 
4-38859 
4-58833 
4.58807 
4-5878* 
4-5"8756 
4-58730 
4.58704 
4.58678 
^■5865 


10.21103  4.324iik5_86j27 
10.21 147j4.32448l4.586 

I©.2H31 

10.21114 
10.21098 
10,21082 

10.7,1066 


4.3*48414-58575 

4.325*l|4-8S549 
4.3*5584.58523 
4.325954.58497 
4-3*63114.58471 


bdtact 


Vv.  i„iie  A/' 


(j^i>^i-) 


(38  Deg.)         Sines,  Tangents,  Secants,  &c. 


Ill 


Co-finf. ;  Tang. 

9.89643;9-89307 
9-89633!9  893.15 


M 


Sine 


'Co- 


978934 
978950 
9.78967 
9-78983 
9.78999 
979015 
9-79031 
9.79047 
9.79063 
9I9.79079 

io|9- 79095 
1I9.79111 

I2l979£l8 

i3  9.79'44 
9.79160 

9.79176 
9.7919^ 


ijT.i  Secant    ,  Co-fee. 


9.89624 
9.89614 
9.89604 
9.89594 
9.89584 
9-89574 
9.89564 
9-89554 
9-8';;544 
9_^9534 

989524 
9.89514 
9.89504 
9-89495 


17J9.79208  9.89485 


9.79^^4 


9.79240 
9.7925''' 
9.79272 
9288 

9-79^19 


9.7933^ 
9-79.1':' 
9.79^67 
979383 
9.79399 
9-794t5 

9.794.^1 
9.79447 
979463 
9.79478 
9.79494 
979510 

9.79526 
9-79542 
9-7955 
9.7957.3 


9.89475 
^•89465 
989455 
9. ''94  4^ 
9-894.55 
9.89425 
9.894IJ: 
9.89405 
989395 
989385 
989.575 
9.89364 

9.89354 


9-89359 
9-89.385 
9.894II 
989437 
9.89463 
9.89489 
9-89515 
9.89541 
9.89567 
9.89593 
9.89619 
9.89645 
9.S9671 
9.89697 
9-89723 
9.89_749 

9-89775 
9  89801 
[9.89827 
9.89853 
9-89879 
9.89001: 


10.10719:10.10347:10.21066 
10.10697  10.10357-10.21050 
10.10667  10.10367  10.21033 
10.10641,10.1037610.21017 
10. 10615  10.10386:10.21001 
10.10589  10.1039610.20985 
ro.  10563. 10.1040610.20969 
10.10537  10.10416  10.20953 
10.10511,10.1042610.20937 
10.10485  iio.i0436!io.  20921 
io.i0459'io.  10446110.20905 
10.10433:10.10456110.20889 
10.1040  7iio.io466!io.2o872 


10.10381II0.10476 
10.10355  10.10486 
10.10329110.10496 
£0.10505 
10.IC515 


10.10303 
10.10277 


10.10251 

10.10225 
10,10199 
10.10173 
10.10147 
10.10121 
10.10095 


9.89931 

9-89957 
9.89983 


10.10069 
I  c.  10043 
to.  1001 7 
9.90009  10.09991 
9.90035110.09965 
9.90061I10.09939 
9.90086  10.09914 
9.90112  10.09888 
9-90138  10.09862 
9.90164  to.09836 
9  90190  10.09810 
9.90216  10.09784 


9.893.14 
989334 
9.89324 
9.89314 

9-89304 
9.89294 

9.89284 

9  89274 

9.89264 

9.89254 
9-7958919-89244 
97960519.89233 

9.7962i|9.89223j9.90397iio.o96o3 
9.79636I9-89213  9-90423|ro.09577 
9.79652'9.892O3!9.9O449|io.0955i 
9.79668;9-89i93!9-90475Jio.o9525 
9.79684';9.89t83'9.905oi  10.09499 
9.79699;9.89Tr3|9.9o^27'io.o9473 


9.90242  10.09758 
9.90268,10.09732 
9.90294,10.09706 
9.903  2o'io.0968o 
9.90346J10.09654 
9.9o37i!io.o9629 


9.797i5.9-89i62!9.90553 
9.7973ii9-89i52|9-90578 
9-79746!9.89i42!9.9o6o. 
9.79762I9.89132I9.90630 
9- 79778,9-89i22  9.90656 
9-79793J9-89112J9.90682 
9.798099.8910119.90708 


9.79825I9.89091  9.90734  J0.09266 


9.79840;9.89o8i!9.90759 
9.7985619.8907119.90785 
9.79872, 9.89o6o'9.9o8ii 
9-79887J9-8905_o'?-?o837 
Co-fine     Sine     Co-tan. 


10.09447 
.09422 


10.10525 
10.10535 
rO.10545 
10  10555 
ro.i  05  65 
to.  T 05 75 
ro.10585 


10.10595 
r  0.10605 
10.10615 
[0.1062c 
10.10636 
10.10646 
10.10656 
I  C.I  0666 
10.1067^- 
r  0.10686 
10  10696 
10.1070. 


10.20856 
10.20840 
10.20824 
10.20808 

10.2079 
10.20776 


I  c.  206  65 

ro.20649 
ro.2<5iS33 
10.20617 
10.20601 
10.20585 


V.  Sine 


4.3^631 
4.32668 
4.32705 
4.32741 
4-32778 
4-32815 
4.32851 


4-328«» 

4.32924 
4.32961 
4.32997 
4.33034 
4.33070 


4.33107 

4..33I43 
4.33180 

4.33216 
.1-33253 
4..53289 


10.2056V 
10.20553 
10.20537 
10.20522 

io.205o6|4.339°5 
10.2049014  .53Q4T 


4.33^2,^ 
4.33362 
4-33398 
4-33434 
4.3347.! 
4-33507 

4-33543 
4-33579 
4-.53616 
4.33652 
4-33688 
4-33224 
4-33  76c 
4-33797 
4-33833 
4.33869 


4.5^471160 
4.58445:59 
4.584*0,58 
4.58394I57 
4.5  8368156 
4.5  8342155 
4.5831654 


4.5829053 

4.58264J5? 

4.58238151 

4.582125c 

4.58186 

4.58160 

4.58134 
4.58108 
4.58082 
4.58056 
4.58030 


4.58004!43_ 

4.57978I4' 

4.579514'- 

4.57925 

45789; 

4.57873 

4.57847 


4.57821 
4.57795 
4.57769 

4.57742 
4.57716 
4.':76yc 


4.57664 
4.57638 
4-57611 
4.57585 
4.57559 

IO.20474j4.3397  714.57506 
10.204584-340131457484 

10  20442' 
10.20427 
10.2041 1 
1 0.20;  95 


10.10716 
10.10726 
10.10736 
10.10746 
10.10756 
10.10767 

10.107^7 

IO.IC7S7 

10.10797 

10.10807 

10.10817 

10^82 

xo.io838|io.20285'4.34409  457191 

10.10848  10.20269' 4-34444:4-57164 

ro.o939o!ro.io858|io.20254-4-3448o  4.5  7138 

io.o937ojio.io868io.20258i4.345i6;4.57iii 

lo.2o222J4.34552i4.57o85 

10.20207  4-345 88I4.5 7059 


4.34049;4.57454 

4-34085I4.57428 

4.3412114.57401 

^•34157^4.573  75 

10.20379:4.34193:457349 
io.20364|4.34229;4.573i2 
10.2034814.3426514.57296 
ro.20332|4.343oi|4.57270 
I0,203i6j4.34377,4.57243 
10. 2030li4.34373  4.57217 


10.09344 
rc.09318 


10.09292 


10.09241 
10.09215 
10.09189 


10.10878 
10.10888 
10.10899 
10.10909 
10.10919 
10.10929 


10.201914-3462314.57032 
1 0.201 75J4  34659 
io.20i6oj4-34695 
10.2014414.34731 


I0.I0940;i0.2GI28  4.34766 

10.09163:10.10950  10.2011314.34802 
Tang,  j  Co-fee,     bccant  | 


4.57006 
4-56979 
4-56953 
4.56926 
4.569CO 
V.  Sine 


3^ 
3; 
36; 

35 
34 
33 
32 
31 

E 

29: 

28 

26 
25 

24 

23 

22 

21 

20 

19 
ij 

17 
16 

15 
14 
I 

-! 

ir 
ro 

9 

8 


Oi  I>eg.) 


Ill 


Table  of  Logarithmic         (59  Deg.^ 


M;  8me      (Jo-line 
0.9.798879.89050 


Ian 


9.yoa37  10.09163 
9.90863  10.09137 


y.hoQiz 


9.8896819.91043 
^  9.80027  9.88958  9.91069 
I09.80C43  9.83._;48  9.9 109 1 
9-8o^37V.yii2'i 
9-889279.91  4 

9.88917 


9.90889  10.0911I1 
9.90914  10.09085 


1  9-799^.?  989040 
2'9. 799 1 8  9.89030 
.1 9-79934  9-!^902o^.,_,_^  _._,_., 

4  9-79950-9-89009  9.90940  10.09060 

5  9-79y65'|9-88999  9.90966  10.09034 
69  7998119.88989  9. 909Q2  to.09009 

9.79996  9. 8 8978  9  91018  iaoV>82 


9.80058 
129.80074 
9.80089 
9.80105 
;.8oi2o 
9.80136 
980151 
9.80166 
oi8l 
9.80197 
;  80213 
22'. 
9.8024^ 
9.80259 


9.8027/ 
9.80290 
9.80305 
9.8032c 
299.80336 
309.80351 


319.8:366 
32  9.80382 
339-8039- 
3419-80412 
35)9.80428 
36;9.8o44.-^ 


9889069.911,! 

;i-^2 

9.913c 


379.80458 

9.80473 
9-80489 


9-888/69.;; 

9.888:'5 
>.  88865 
9.888  <  5 
y  8.  844 

9.^88:4 

y  8..013 
9  8^803 

/•8'>793 
9-88}  82 
9-S8772 
988761 
y-'875i 
y8374i 

^9.8873'.. 
9.6872c 
9.8870^ 
9.88699 
9.88688 
y.8867.>: 
9.88666 
9.806  <;-/ 
9.886^7 


9.913^. 
9.9I3.S: 

.9I3-r9 

.914^4 
9.9143c 
9)14-. 


9.9^4«2 
9.;i507 
9-9' ^33 
y-9if59 
9.91585 

.)  .;T6ro 


40  9.80504  9.8S636 


41  9.805 1  y 
4_a!9.8o534 
.3I9.8055C 
449-80565 
45 19  80580 
4619.80595 
47'9.So6io 
4819.8.  .625 


9.8862 
9.S86_t.5 
9.88605 
9.88594 
9.88  s«4 
9-88573. 
9.88563^ 
9.88  r  ^ 


49  9. 8064119.86542 
5C9.80656J9.88531 
519.806719.88521 

5119.80686  9  88510  ,.,.., ,_-, 

53;9.8o7oi'9. 88499  9.92202  10  07798 
54!9.8o7i6J9.88489  y  ,'2227  10.0777-; 
5519*80731  9.88478 
:69.8o746 


719-8076 
58:9.80777 
599.80792 
6019.80807 
Co -line 


j   Secant.    Co-fer.  jV.  i-^inci 


10.0895; 
1 0.08931 
L  0.0890  <r 
10.-8879 
10.08853 
10.08828 
ro.o88o2 
[0.08776 
10,08750 
ro.08724 
.0.0869-; 


1G.C8673 
10.08647 

r  0.086. 1 
.o.o859<'. 
10.08370 

10.0854.] 

!  0.0  '518 
10.0849.-, 
IC.0846, 

io.o'»;44i 
to.08415 
10.08390 
10.08  i6j 
10.08338 
10.08312 
10.08287 


10  10Q50.10. 20013 
10  10960  Io,20o;^7 
10.10970  10.20082 
10.10980  r 0.20066 
10.T0991  10.20050 
10.20035 
10.20019 
1 0.2000  J 
10.19988 
10  19973 
10.199^7 
xo.io94.i' 
10  1902^ 


10. 1  TOO  r 
I- .XI oil 

IO.II022 
10.11032 
10.11042 
10.11052 

1  C.I  1063 
IO.II073 

IO.H083 
10. 1 1094 
IO.HT04 
10.IIII4 
10 11 1 25 
IO.III35 


io.iii4< 
10.11156 
10.11  166 
10.JI176 
10.1118- 
10.1119- 
10.11207 
10.J1218 
to.  1 1228 

10.11239 
10.11249 
i-.ii2ro 


lO.Iy^ll 

lo.i989«: 
10.19880 
10  1^86.:; 
10.19849 
10.19834 
Io.i^8i^- 
10.1980-! 
10.1978: 
10.19772 
10.19756 
1C.19741 
10  I9726 
10.19710 
0,19695 
10.196^0 
10.196^4 
10.19649 


y.yi03fj 

>9l662 
;.9i688 

y-9i.i3 

)  91739J10.08261 
j.91 765]  10.08235 
^  9i79ijio.o8?.09' 
y.9i8i6;io.o8i84 
9.91842U0.08158 
;. 91868^10.08132 
>.9i893*io.  08-107 
0.0  t"  TO  10.08081 


lo.ii^ci  10.196 -54 

ro.ii2JJo!io.i96i8 

10.11291  1C.19603 

IC.11301 

10.11312 

10.11322 


10  1 1 332 

10.11343 
10.11353 

10.1136/1 
10.11374 

lO.lT  78^ 


/9 1945  10.08055, 

y.91971^10.08029 
y. 9 1996  10.08004 
92022'io  07978 
9.92048.10.07952 
9.92073  10.07927 


10.11395 
10.11406 
10.11416 
10  11427 
10.1143 
xo.r  I A4? 


,■.92099  10.07901 
V.92125. 10.07875 
9.92150' 10  07850 
y.92176  10.07824 


.,,  92.5310..-; 7 747 
9.88468  9.9a279iio.o7  72i 
9.88457  9.92304' 10.07696 
9.88447  9.9233c  10.07670 
9.88436  9.92356' 1 0.07644 
9  88425'9  92381' 10.07 61 9 


nic    iCo-tan 


T-aiji 


.0.11458 
10  TI469 
io.ll47>, 
.0  1 1  .•!  9' 
10  IXCi 
Tf^  1151; 

•  o  1 15;: 

.O.H.3.: 

1  o.  I J  5  J .; 

1 0-1 1.5'.- 
lo.l  156^, 
TO  ii';7> 
«,'o-JeI7 


434002,4.56900 

4-348384.56873 

4  34873  4.56»47 

4.349^9'.4.5682 

4.34945|4.56794 

4.349804.56767 

4.35016  4.56741 

4-35051 

4.35087 

4.351^2 

s..i5i58 

4^35193 

4  352-!f) 


4.56714 
456688 
4.56661 
4.56635 
4.T6608 
.'.c6-Vt 


4.35264j4.iOj,.>5;47 


4.35300 
4-3533.^ 
4-35371 
4-35406 
-1-354^2 


4.56528 
4.56596 
456475 
4.56448 
4.56422 


4.3547714.50395 

^•35512 

i.3?f48 

4-. 3.5563 

4.35618 

56  u 


46 

45 

44 

43 

42 

41 

4.56367  40 

4.5634139 

4  56315I38 

45628837 

4.56261 


^(•> 


4.35669  4. 5  6235  .35 
4.357144.56208.^4 
^35759  4•56I.8l3.3 
4-35795  4.56154  3i 
4.358,3045612831 

4.355004-5607429 
4-35935  4.56047  2 
4-359704.560S027 
0.T9588  4.360C6  4-5596411^' 
10.19572  4.36041  4.55967|i5 
'^0.19557  4.36026  4^^946124 
10.195424.36111  4.559131-3 
10.19527  4.36146  4.55886122 
io.rv5iii4.36i2i  4.5585921 
10.19496  4.36216  4.55832120 
10.19481  4.3625i[4-558o6  19 
10.194664  36^8614.55779  18 


10.19450  4. .. 6321  4-.55752 
iO.19435  4-36356  4.55725  16 
10.194204.36391  4  55698  15 
TO.i94C5'4.36426|4.5567i^4 
'0.193904.36461-4.55644  13 
•o  193754.36496  i.-c<^i7  12 

10.19.159436531 
10.193444.36565 
10  19329  4.36600 

■.i-yM4  4.36635  4.55509 
10.192094  3667014.55482 
10  I  ■2&j,4.36705'4.55455 

0.192^9  .i.36740455428 
10.1925  .  4.3^7744.55401 
to.  9238.1.368094-55374 

o.  1 9223  4.36844  4.55347 
.  --.  1 9208  4.  6879  4.553-20 
10.191934.16913  .r5.c?Q3 


4.55590  ^^ 
4.55563  ^o 
4555.36  9 
8 


Secant 


(SC>  Deg.) 


40  B^gO       Sines,  Tangents,  Secants,  Sec. 


"3 


Co- 


T^'T)  Sine     jCo-finc    ''»■'< 

'o;9r8o807 9.88425  9  92.^iii  110.07619 
1 19.80822  9.88415  9-9^407  ro.0759^ 

219.80837  9.88404'9-9243.''  10.0756; 


;.8ogi2  9.88394.9-9245? 
9  8086719.83383, ';.92484 
9.80882J9.88372I9.925IC 


9.80897 


9.80912 
9.80927 
9.80942 
9.80957 
9-80972 
98098: 
9.8roo2 
9.81017 
9.81032 
9.81046 
9.2 106 1 
9-^^1076 
9.8109 
9.81106 
9.81121 
1 136 

249.81166 


9.tJii8o 
9.81 195 
9.8;i2io 
9.81225 
9.81240 
9.81254 


9.88362 


9.8834C 

9.88330 

9.88319 

9.88  .{08 

9  88298 

9.88287 

9.88276 

9.88266 

V.88255 

9.88244 

9_^82_34 

9  88223 

9.88212 

9.88201 

9.88191 

9  "' 

9_^8i^9 

9.88'i58 
/88r48 
9-88137 
9.88126 
9.8811  <; 
9.88ros 


9-9  2535 
9.9256J 
9.92587 
9.92612 
992638 
9.92663 
9.92689 


10.07547 
10.07516 
ro.07490 
10.07465 


9.92715 
9.9274c 
9.92766 

9.9279" 
9-92817 

9.92843 


981209  9.^8094 
9812849-88083 
^19.8129919.8807' 
9  S806 


.M9 


'I3M 
1328 
!  1.343 


351981328^9.88051 

«36l9  «r-  4-,  r>  RR-,.^ 


J1.358 

72 


9.88040 

)i8.So29 
988018 
9.8800 


9-93022 
9-93048 
9-93073 
;-93099 
9-93124 
9^^93150 

9-93I75 
9-93201 
993227 

9-93278 
993303 


37  \9      .. 

389.^13 

399-81387,, 

4o|9.8i4o:^|9.!'7y96 
-9.8141719-87935 
9  8i4.ni9-8797J 
9.814469.87964 
9.8146119.87953 
9.81475,9.87942 
9.81490^9.87931 


9.934^2 
9-93508 
9-93533 
9-9  35. S, 
99358^ 
9  9361C 


41 
42 

43 

44 

45 

46,        .,    ,.     ,_ 

479.81505,9.87920 

48  9.815  io'9.87909 

499.81534,9^7898 

509.8154919-87887 

5i9-8i563;9-S7877 
529.815789.87866 
53  9-8i592!9  87855 
549-8i6o7'9.8784 
559.8x622^9.878339-9378^ 
^619.816369.878229-93814 
57;9.8i65i'9.878iil9.9384c 
58;9.8i665;9.878oo|9.93865 
59  9.8i68o'9.87789i9-9389i 
609.81694  9.87778!9.939i6 
Co-line,    Sine     Co-tar, 


9.9286b 
9.92894 
9.92920 
9.92945 
9.92971 
9-92996 


10.07439 
10.074x3 
10.07388 
10.07362 
^0.07337 
10.07311 


1 0.0  7  285 
10.0726c 
fO.07234 
10.07208, 
10.07183 
10.07157 


Secant.  /  C'  -fee.   V 


10- "575  10-19193  4.369l3'4.55i9. 
10. 1 15 85  10.191 7  8  4.3694814.55261 

[0.115961I0.19163  4.36983  4.5523c 
ro.n6c6jio.i9i48  4-37oi7U552Ti 
lo.i  161 7}io.i9i 33  4.3705214.5518.'! 
io.ii628|io.i  9118  4-37087  4-55157 
10.11638J10.19103  4.37i2i!4.';5-t3" 
10.11649  10.19088  4.37i56'4-55 103 
lo.ii66o  10.190734.3719114.55076 
10.11670  10.190584.37225  4-55048 


10.11681 
0.U692 

10.11702 


10.07132 
10.07106 
I0.07080 
10.07055 
10.07029 
10.0  700 /« 


9-93329 
9-93354 
?.9338o 
993406 
9-93431 
9-93457 


10.06978 
10.0695: 
10.06927 
10.06901 
ro.06876 
10.0685c 
10068*25 
10.06799 
10.06773 
10.06748 
1C.06722 
IC.06697 
10.06671 
10.06646 
10.06620 
10.06594 
fo.o656(; 
10.06543 

TO  06518 

0.06492 
0.06467 
10.06441 
10.06416 


9.;5636 
9.93661 
9.93687 
9.93712 
9-93738 
9-93763 


10.11713 
10.H724 
10.11734 
.-0.11745 
10.11756 
10.  r  1766 


10.11777 
10.11788 
10.11790 
10.11809 
10.11820 
io.ii8n 


10.11S42 
10.11852 
£0.11863 
10.11874 
10.11885 
10.11895 

IO.II',;o6 
10.11917 
ro.11928 
IC.II939 
10.11941; 
10.11060 


19043  <.3 726014-5502 
10.19028  4.37294I4  54994 
io.X9oi3'4.37329;4-5496 


io.i89y8;4.37363|4.5494o 

lo.i8983:4.37398|4-549i2 

10.1896814-37432 

10.1895414.37467 

10.1893914  37501 

10.189244.37536 

10. 1  .^909  4.37570 

10.188044.37604 


4.54885 
4-54858 
4.54831 
4-54803 


10.188794.37639 
10.188644.37673 
10.188494.37708 

J_g-^  8834  4-37742 

10.188204.37776 

o.>  8805  4-37810 

io.i879oj4-37845 

10.1877^4.57879 


■5477^) 
4-54749 
4.54721 
4.54694 
4.5466713; 
4-i4639!36 


4.5461235 


4.54585 
4-54557 
4.54530 


10.1x971 
10.11981 
10.11993 

IC.12004 
10.1201J 
0^2025 

10. 12036 
IOI2047 
10.12058 

10. 1  205  y 

ro.i2o8c 

10.06390!  1 0.1 2091 

10.12102 


10.06364 
10.06339 
10.065x3 
10.06288 
10.06262 
1006237 


10.062x1 
10.06186 
10.06160 
10.06135 
1 0.09 109 
[0.09084 
Tangent 


10.121x3 

10.I2X2; 

XO.I2X3 
10.121, 

IQ.  121^6 


10.18760  4-37913(4.54503 

10^18746 

10.18731 

10.18716 

10.18701 

10.18686 

10.18672 

10^18657 

10.18642 

10.18628 

10.X8613 

xo.r8<:9i' 

10.  X  85  83 

T0.18569 


34 

3." 

32 

-.  -,    .  .31 

4-37948  4-544 75|3c 

4-37"982'4.54-148|29 

4.3S016  4.54420  28 

4.380504.54393127 
4.380844-54.^66(26 

4  38n9  4.54338;25 
4-381534-54311124 
:.38i8>4  54283|23 
.38221  4-542561*2 
•382554-54228121 
4.38289  4  5420I|20 

4-38323454173^9 
4-38357454146,-18 


10.18554 
0.18539 

10.18525 
10.18510 
10.18495 

IO.Ioj8't 


ro.12167 
10.12x78 
IO.I2I89 
10.12200 

10  I22II 

10.I2?,22 


:o.i8406 
,[10.1845  I 
10.18437 
to.  1 84  2  2 
10.  X  8408 

10-18393 
10.18378 
10.18364 
10.18349 
10.18335 


Co-fcc. 


-^J  — 

10.18306 


Secant 


4.383914-54118  i,- 
4.38426-45409111'^ 

4.38460  4-54063' I.^! 

4.38494  4-5  4035'!'* 
4.38528.4.540g'8'i.- 
4.385624-53980;^' 
4.3'8595  4;53953f  ' 
4.386294.53925,1^ 
4.38663453897  <: 
4-386y7  4.53870J  •' 
•:;873i4-53'^42 
,38/. '15  4.53815 

'38799  4.i3  7<:^7 
.388334.53759 
4.38867  4-53731 
4.389004-53704 
4.3S934  4-5367f 
4.389^8  .i.5364>' 


(49  I^eg) 


l-M 
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Table  of  Logarithmic".         (4 1  Df  g.) 


|Co-iine!  Tanp-"Co-f 


Mi    Sinf 

09181694  9 
,  1.981709,9 


-ant    '  Co-ft»c. 


877789-93916 

877679-9394* 

2;9.?.i72.V9.8  7  756  9.93997 

''7745  9-9^99^ 
87734:9-94018 
87723;9-94C44 
87712:9.94069 


\  39817^.89 
j  4;9-8i752;.9- 
I  i;9.8T767;9- 
f_6.9.Si78i,9^ 

79-81796  9- 

8,9.8i8io!9 

9:9-8i825;9 

109.8183919 

11  9.8 1 85  4 19 
129.81868I9 
T3,o.8 1882(9 
I49.8i807;v- 
1.59.81911,9 
169.^190,6,9 

179.819409 
189.81QC, 


877oi'9. 94095 
.876909.9412c 
8767919-94146 
87668^9.94171 

8765719-94197 
87646^9  94222 

■87637  9^4~^8 
876249.94273 
87613  o.94''^99 


199.0^969  9 
209.81983 
21  9.81908 
229.82012 
23  9.82026 
2^  9.82041 


25  9.82055 

26  9  82069 

27  9.82084 

28  9.82098 
299.82112 

'^09  82r26 
3ij9. 821,11 
5219.8215.^ 
'33j«J-82iu9 
3'',  9.821 " 
55 
;6 


9.^219! 

y,8.i2T: 


9.82226 
9.82240 
9.82255 
9  82260 
9  82283 

22Q7 


|43  9-52311 
449.82326 
1459-82340 
469.82354 
47i9-82368 
4819.8238? 


'4  9 19- 6  23  96 
509.824IC 
51  9.82424 
529.82439 
539.82453 
.54'q  82467 

55 
56 
57 
58 

^9 


;  9.82481  ^ 

9.82495  9 

9.82509 

9.-82523 , 

,.  ,  5-8^-537  y 

0019.82551.; 

V~  '^'o-ijiiel 


87601 
.87590 
87579 
87568 
87557 
87546 
•8753.^ 
87524 

.875£3 
.87501 
.87490 

■^479 
.87,468 

■8745; 
^6 

■87434 
.87423 
•.8'74'.r  2 
8740 
8739 


9-94324 
9-94350 

9-943  75 


9.94401 
9.94426 
9-94452 
9-9447/ 
-;-9450.^ 
2:21528 

9-94554 
9-94579 
9.94604 
9.94630 
994655 
9-94681 
9  94706 
9-9473 
9,9475 
9-94783 
9.9.1808 
^7819.94834 

■8736"*7j9-94859 
■87356,9.94884 
•8734519-94910 

■87334:9-949.35 
.873229.94961 
.873110.04986 


873009,95012 
.872889.95037 
'•872779-95062 
.872669.95088 
872559-95113 
87243  9-9':  139 


8723^9-951(54 
.87221  9-95190 
.872099.95215 
.871989.95240 

871879.95266 
-87175  »-'7529T 

•871649.95317 
•871539-95342 
.871419.95368 

•871309-95393 
.871199.95418 
•87^079-95444 
Sine     Co-tan 


0.06084  lo- 
0.06058  10. 
0.06033  '^^■ 
0.06007  lo. 
0.05982 10. 

0.05956 10. 
0.05931 10. 


12222 
12233^ 
12244 

I2't55 
12266 

12277; 
12288 


183064 
182QI 4 

0.182774 
-18262  4 
'  182484 
.1823^  4 
.1821V 


'•05905  ^o- 
1.05880  10. 
1.05854  10. 

0.0582910. 

0.05803  10. 

0.05778^10. 

0^.05  75  2!ia 

0.05727110. 

0.05701110. 

0.05676  10 

■0.0565 

0.05625  I 

o.f-'5599  10 
0.05574  I 
0.05548 
0.05523 
0,05497 10- 
0.054"^ 
0.05446  10 
0.05421  10 
0.05396  10 
0.0537c  10 
0.05345 
^•05319 
0.0529^ 
o.05ji6f 

0.05243 
C.05217 
0.0519:. 
0.05166 

[0.05II6 

:0.0509c 

C.05065 
:o.0503y 

0.03014 

0.04988 
:o.o4963 

0.04938  ic 

0.04912  10 

004887 

0.04861 


10. 

to, 

0.04836  10 
0.04810  ro 
0.0478^ 
0.04/60  10 
■o.o473:j  10 
0.04709  ro 


12299; 

123 1 0| 
12321 
12332 
12343 
123.54 

12;;,  6 

12376 

12387 

12399 

124IC 

12421 

12432 

I24-J3 

12454 

12465 

1247^ 

12487 

12497 
1251C 
12521 
12532 
1254.^ 
^255.: 

1257: 
12588 

T259 

I26IO 

.12622 


1263 
1264 
1265 
12666 

12678 
12689 

12700 
I27I2 
1272, 
12734 
12745 
12757 


12768 

12779 

1279 

12802 

I28I3 

,1282': 


0.04683  10.12836 
0.04658  10.12847 
iii859 
1287c 
12881 
12893 


10.0463 
:0046c 

0.0458 
■0.04556  10 

I'aii});.      L"o-l'cc.i   oc.ant 


?2  10. 
^7  10. 
h  10. 


0.1820 
0.18190  4 
O.18173 
:o.i8i6j 
0.1814^ 
[0181V 


8ij[> 
0,1810.: 

0.1807^ 
o.i8c6.' 
0.1804^ 
0.1803 1 
0.1801; 
c.i8co- 
0.1798? 
0.1797^ 
.^795v 
0.1794.' 
:o  17931 
o.i79i('. 
:0.179c: 
0,17888 

0.178  T.-, 


0.1785.. 
C.I784. 
0.178314 

O.I  781  <■ 

O.I780I  4, 
0.177884, 


.  Sine  .  fr 

3»968'453648'fe 
39002  4j362i!i9 


39036 
.39069 
39103 
39^:^7 
39^1 
39204 
39238 
39272 
39305 
'393S9 

."93  7  2 


4-53595:58 
5356.1157 


4-53454 
4.53426 
4.5339^ 
453371 
4  53343 
4.53315 


.39406 
-3944'-" 
•39473 
•395c- 
•39540 
39574 
•39607 
-39641 
•39674 
-39708 
-39741 
-307  7"? 


3y6  6 
,3^842 

3y  8  75 
,39908 
■39942 
>')97.' 


40008 
4004- 
40075 
40108 

4CIA7 

^oi8.-. 


4.53557 
4.5.3510 
4-53482 


4.53287 
-1-53259 
4.53231 
4.5320.^, 
^53l76 

-i-  'i3  T4^|42 

41 


56 

55 
54 

52 
52 
51 
50 
49 
4^ 

47 
i6 

45 
44 
43 


4-531  i 
1.53092 
4.53064 
4.53036 
453008 
M298C 
4.52952 
4.52924 
4-52896 
4.52868 
4-52840 
1.52812 
4.42784 

4.52756 
.4.52728 
-I.527CC 
4.9267; 
4.52643 
4.5261.^ 
45258:; 
'  ■5-2559 
4.52531 
452503 
4-5247,^ 
4.52446 
4.52418 

4.52390 
4.52362 

4.52334 
4-52305 

452277 
4.52249 
4.52221 
4.5219. 
4.57164 
/1. 1 21 36 


:o.i75i9 

0.17505 
:o.j749i 

0.17477 
0,17463 
0.17449 


.4080., 
.40837 
.4087c 
.40903 
.40936 
.40965 


•■).j2i07 

4.52079 
4-52051 
4.52022 
4.51994 

4.51966 


,Y.  Sine 


(48  Deg.) 


(42  Deg. )     Sines,  Tjmgents,  Secants,  &c. 
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, 81551(^.07x07 

.82505  i;  87096 
•8»5  79  987^^.5 
9.8a.>93  y  87073 
;.836o7  9.87062 
9.826219.87050 
9.8Z635  9.870^9 


9.82649  9.^70x8 
9.82663987016 
9.816771987005 
9.8269119.86993 
9.82705|9.86.;82 
"271919.8697 


9-95444 
9  95469 
9-95A95 
9-955^^ 
9-95545 
9-95571 
9-95596 


10045^ 
IO-04531 

T  0.045  05 
IC.O4480 
19.04455 
10.04429 
10.04404 


9.95622 
995647 
9-95672, 
9.95693 

9-95723 

9.95-48 


9-82735  9-^695919.95774 
9.82747  9-^6947  9.95799 

9.8276i;9.86936  9.95825 


9.82775 
9.82788 
9.82802 
19  9.82816 
9.82830 


9.86924 
9.86913 
9.86902 
9.86890 
9.86879 


9.95977  >0.0.102 
9.960C21IO.0399S 
9.96028110.0397 
9.96053110.0394 


20,  ---^-  ,         -  ,  , 

21  9.82844!;-86867 
^^  9.82858|9-.;6855 
zt.  9.828729.86844 
249.828859.86832 
25  <).oiH<^^^  9.86821 
269.829139-^6809 
27  9829279-^6798 
28I9-82941.9-86786 

39  9-^-95.si9-86775 
3019^82268,9-86763 

_^I|9.82982b.86752 
32|9-82996|9.8674o  _      _,   _.., 
33J9.83010J9. 86728  9.9628i!io.o, 


9-959^6  10.0.1074 
9.95952  10.04048  10  13121 
3  io.i_^i33 


34|9-83023p-867i 


9-95850 
9-9587 
7590 


ijtjcant 
10.12893 
10.12904 
10.12915 
10.12927 
10.12938 
10.12950 

o.  1 2961 


:o.04378 

0-04353 
10.04328 
10.043.2 
10.04277 
10.04252 
10.04226 
ro.04201 
10.04175 
10.04150 
10.04125 
1 0.-409  8 


Co -fee.  i  V.  .Sine| 

[0.17449 

10.17435 

10.17421 

10.17407 

IC.17393 


10.17379  4-4II33 
10.17365  4-4 xi'-6 


10  12972 
10.12984 
10.12995 
0.13007 
10.I3018 
10.13030 
10.13041 
10.13053 
10.13064 
ro.13076 
10.13087 
10.13098 


10-15I45 


9.96078J10.03022 
9.96104  10.03896 
9.96r29!io.o387i 
9-96 155!  10.0384.- 
9.96180110.03820 
9.96205I1C.03795 
9.96231,10.03769 
91.96256. iao3744 


9.96307  10.0369 


5i9-83®37  9-86705  9.96332,10.03668 


6;9.6305i  9.8669,).  9  '96357  10.03643 
9.96383  10.03  , 
9.96408  10.03592 
9.9643310.03567 
9:96459  10.03541 
9.96.i84  10.035 1  i 


37t9-^30&5  9-86682 
38:9.83078^9.86670 
39J9.8309219.86659 
4o9.83iool;.S6647 
419.83119J9.86635 
429^^213.3.9-86624 


9  96510  10.0349c  ^t...  13376 


4.40969.4.5  i9'-'6j6c 
'{•^1002:4.5193715', 
4-41035  4.5^90915^ 
4.41067  4.5l88o!5; 
4.41 -TOO  4-5 1 85 2|5( 

■51824I55 
4-5T795|5j 


I^.i735l;4-4ii99 

iO-i7337'4-4i232 
IO.I7323.4-4I264 
10.173094-41297 
10.1729514-41330 
io.i72Sii4.4i363 

lo.i  726714  4J^  39.' 

10.1725314-41428 

lo.i7239i4.4l46l 

10.1722.S  4-41494 

10.17212 

10.X7198 


10.17184 
10.17170 
10.17156 
1^^17142 


4-41592 
4.41624 
4-41657 
1.41689 
4-41722 
4-417^5 
10.13C79  10.171CI  4-41787 
:o.i3i9i  10.17087  4-4I82C 
10.13202  10.170734.4185-,! 
10.13214  10. 17059  4'4ior 


4-415594-514^3 
4-5142. 
4-51396 


io.i3i56iaivi28 
10.13166  IC.1711 


4.415-6 


•517675: 
-5173852 
4-5171051 
_ I 681 50 

4-5165349 
J. 5167414^ 

4 

46 

45 

44 

43 

42 

41 

40 

.VJ 


51596 
^•51567 
4-51539 
4-515 10 

•51482 


J215  10.(70454.41917 


10.13248 
10.13260 
10.13272 
10.13283 

o 13195 
1^3.13306 

io.i33ii, 

10.1333c 
10.13341 
^0-13353 
10-13365 


10.17032 
10.17018 
10.170C4 
10.16990 
ro.16977 
10.16963 
io.i6v49 


ic.i6955 
10.16(722 
10  1690B 


9.8OM2J9-96535  I0.03465lio.i3.:,8e; 
9.96560  10.03440J10.1340C 
9.96586  10.03414  10.13411 
9.9661 1  10.03389110-134^3 
9.96  .36  10.03364JIO.  1343;: 
9.9666^  io.o;3  ,8'io-i3446 


y.  8660c 
9-86577 


.      »5^9 
I98655. 


439-^,314: 
44I9.83161 
.519-83174 
46|9-83l88 
47)9.83202 

48:9.8321. 

4'9i9.8322^|9.86542  9.96687  i«:.o33i3|io.i3458 
5o|9.83242'9.86530  9.96712  10.03288:10.13470 
5119-83256  9.86518J9.96738  10.03262I10.13482 
52|9--327^^  9.86507  9.96763  10.03237I10.13493 
53  9.83283  9.86495  9.96788  io.o32i2'io.i350;, 

!„  o o/     a.      y^6£l4  10.03186  10.13517    10.16703 


5419-83 297  9  86483 
SS  9-83310  9  86472 
9 


53249.86460 


•51367 

451339I38 

4.51310I3 

4  5 1 224 
^5^l95 
i.51167 
451132 

4-5II09J3C 

a.5io8iJ29 

5i052-'28 

^.51023 

4-50994 


4.4-2II2  4.5-96^: 


4.42144 


4.42177 
4.42209 

4.42';42 


10.16894  .-'.42274 
10.1608114.42306 
io.i6867'4. 42331; 
iai6853  4^23'77 
io.i683v4.4240.i 
10.16826  4.42435 
10.108124-42468 
10.16798  4.42500 

10   16785    A..''%      T'i 


-509^7 


4.50yc;8 
4..«c8;9 
4.5^  85.1 
4.50822 
t-50793 
•50764 


4.50735 
4.50706 
45067: 
4.50649 
4.5062c 
4.5059 


10.107714.4^:50.1 
10.16758  4-42j97 
10.16  44  4. 426  2  y 
10.16730  4.42661 
10.16717  4.42693 
..42725 


4.5056a 
4.50533 
4-505  4 
4-30475 
4.50446 
^-5C^4I; 


9.96837  10.03161  10.135  «6 

,    ^.^^  ,  --^-^  9.96864  .0.0313610.1354c 

9-^3338*9-864489-9689010.0311010.13552 

J-  9-83351  9-86436  9.96915  10.03085  10.1.1564 

59  9.83365".9.86425  9.96940  1003060,10.1357' 
6019.8337819.86413  9.96966  10.03034  10.1358/ 
iicii     Sine     Co  tan,  langent)   Co-fci:. 


10  16690  4-42758|4.503..,b 
10.16676  4.42790J4.50359 
10.1666Z  4.42822.4.50330 
I  ::.i.')649  4  4285414.50  01 
:.o.i6635  4.42b86|4.5027: 
is">.t6622  4  42918I4.5024 


Pa 


(47  l>^^g-) 


ti6 


Table  of  Logarithmic  (43  Beg.) 


983378 
9-^339  i 
9-83405 
3419 
983432 
9.8344^) 
9-S34.'r9 


Co-tang. 
;. 86413  9.96966110.03034 


>.8640T  9.96991 
?.86389  9.97016 
;.8637  7.9  97^^42 
9.86366;9.97o67 
9.86354997092 
;.8634?.|9.y7ix8 


9->^'^33^'9-97i43 
^.863189.97168 
>.853o6';9.97i93 
9.862959-97^19 


9-^34  73 
9.83486 
9.83500 

983513 

9.8,3,<?27 

;-8354.-- 

■a83554x jy|7-y/-y. 

9-83567  9.8624Y  9.9732c 


9.86283 
7.86271 


9.06259 


9.97244 
9.97269 
997297 


9-83581 
9.83594 
9-83607 

9^3^ 
9.8~303/ 


98623519.9734 
;.86223j9.9737i 
■).862Til9. 97396 
9.8620019.97431 

9-97447 


9-9/472 
9-97497 
9-97523 
9.9754S 


o.fc6i86 

9.8364SI9.86176 

9  83661  9.86164 

9.836749.86152 

9.8368'(:|9.86i4o 

9^^3701  9.e6i28|9.975  73 
9.86iiu  9.97598 
9.86104  9.97624 
9.860929.97649 
9.860809.97674 
;.86c68J9.977oc 
9.y6o'-/  J9.9772 


10.03009 
10.02984 
10.02958 
10.02933 
tc.0290') 
10.02882 

10.0:857 
IC.0283?. 
10.02807 
to.02781 
1002756 
10.02731 
10.02705 
io.oi68o 
rc.02655 
10.02629 
X  0.0  2  6  04 
ro.02579 

^0-02553 
1 0.025  28 
10.02503 
10.03477 
IC.02452 
10.02427 
10.0240?. 
10.02376 
10.02351 
10.02326 
10.02300 

!O.C227^ 


9.?37I5 

9.83728 

9-83741 

9-83755 

9.83768 

9.8378J 

9-83795  ^■J^0-44J9'97  75cli^'-O225 

9.^380819.8603219.97776110.02224 
fO.02195 
10.0217.1 
10.021 4  5 

t(..OZl2  3 


9.838:.ib-86o2.o!9.978o^ 
9.8^83^'9.86oo8  9.9;826 
9  83849;9-ti5  >f' 9  97851 
;8386i!9-859^4  9.9-877 


^•i3f^?4 


9-85; 


9-979-i 


io.<„ao9s 


.>.R38S7'9-8i9^o;9-9792-7^"-^2073 

39;>33)oij9-  59-^-^!9-9795 
4C9-839i4;9-S.J7.'?'';9-9  79  78|  10.0202; 
i.|i|9.83927i9-859^4i9  98oc3;iooi997 
;42i9-X3940,9-859  ^-"19  980*9;  100197  s 

f43l9-S3954  9.8^9'c,?-98o54li'^-oi94^^ 
U4!9-83v67!9-8i88l'J9.98o7Q|io.oi92i 
(4.'!';-83)8q;9*85876!9.98io4Iio,o'89/ 
46>83903'9-^5864r>.98i3c|io.oi87c 
147  9.8400619.85851  6.98K.-S-  10.0184c 

[49 

'50 
>>i 
52 

s:- 

5_4 
'?5 
5^> 
57 
58 
59 


9.8402o'9-i?i5o39iu  08180  10.0182c 
9.8.10339.8582719.98206  i 0.0 1 794 
9-84046  9-858TCJ9.98231 10.C176;, 
9.84059 c;.85,'<c3j9.9o2s6  lo.ot  74..; 
9.(>4ov2y-8579i!9.9i]28i!io.oi7i9 
9.840-3- 9.85779!9.98307  10.:  1693 


9.840989.85766 
6.841129.65754 
9.841 25 .9.85  742 
9.841389-857.^^ 


9.98332  I0.O166}'" 
9.98357  10.0164; 
9.9S383IC.O161: 
)  98408  10.0159? 


9.84151,9-857^81;  98433  IC.OI567 


98416419.85704; 
6oJ9.84i77|9.B5693 


^.9845  8  10.01542 
7.98484  to.01516 


Secant 
10.1:587 
io.i3V99 
£0.13611 
10.13623 
10.13634 
io.i36<j6 
10.13658 


10.13670 
10.13682 
10.13694 
10.13705 
10.13717 
10.13729 


I C.I 3 741 

10.137^3 
10.13765 
10.13777 
10.13789 
1 0.1 -2800 


10.13812 
10.13824 
10.13836 
0.13848 
0.13860. 
10.13872! 

10.13884 
10.13896, 
10.13908; 

io.i3oijo 
10.13932; 
10.13944 

ro.  13756 
10.13968 
10.13980 
10.13992 
1 0.1 400  4 

^^4028 

r  0.1 4040 

10.14057 

10.14064 

10.14076 

?o.i4o88 

10.14100 

10.14112- 

10.14124 

{0.14136 

10.1414!; 

ro.T4T6 

10.14  .  ■;: 

I0.14185 

10.14197 

ro.14209 

IO.T422) 

10.1423c; 


0.16306  4-43525  4.49689 
0.16352  4-4355  7'4.4966o 
[0.16339  4.43589  4-49<J.^o 
.0.163264.43620  "  '  - 
:o.i63i2|4-43652 
o.i6299|4;43684 
"016285  |4-4.i  716 


10.1424^ 
TO.1425^ 
10.1427c 
10.  I4282 
10.14294 
10.14307 


5024300 
4.50214  59 
4.50185  58 
4.5015657 

4-5^12756 

4.430784-5009855 
4.431104-5006854 


V  SI 


fj^l 


Co-fee. 


0.16622  4.4291  S 
4.42950 
4-42982 
4.43014 
4.43046 


4.431424 
4.43174 
4.432064 
4.43238  4 
4.432704 
4-43302  4 

4.43334   .,   . 
4.43366  4.49835 


4.^:33984 

4.43429 

4.43461  4 


43493  4-4971C 


0.16272 
0.16259 
to. I 6 245 
0.1623 
0.16219 


4-43747 
443780 
4.438 1 1 
4.43842 
4-438-4 


4.49601 

4.49572 
49542 

4.49513 
4.49484 
4.49454 
4.49425 
■49395 
4.49360 


'O.16205  -^-43906 
[0.16x924-43937 
0.16179  -^'43969 
o.i6i66  444001 
0.16152  4-44'^32 

0.I^I3Q 


4.44064 

4.44095 

4.44127 

4.44159 

4419c 

4-44222 
4  4t'2C? 


0.15849  4.4475 
0.15836  4.44/8 


^  442a 
(-443 


4.44662  4-48127 
4.446934-48598 
1.44724  4-48568 

6  4-48538 

7  4.48508 
;,  4.44818  4-48479 


> 0039 53 

I.5001052 

.50981  51 

■5095250 

^.40923  49 

■4  •9348 

.49864  47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

36 
34 


.49806 
-49777 
-49747 


4-49337 
4-49307  28 
/. 49278  27 
4.49248  26 
4.4921925 
A.40189  24 


4  49160  ?3 
4.49130  22 
4.4910 
44907 
4-49042  19 
4.4901 


2 
1  20 


[2  It 

I'/ 


4.4898 

4.4?95_ 
4.44348  4.48924  15 
4-44379  4-48894  ' 
4.44410448864  1 
4^4442  4.48^^35 
4.44473  4-48805 
.44505  4.48776 
4.44536  448746 
4445684-48716 
4-44599  4-48687 
4.446304-48657 


V.  Sme'M 


(4^  Dcg.) 


c(44  I^^sO       Sines,  Tangents,  Secants,  &:c, 
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T^^ 


Ml 


^TnF 


(;.84733!9-^5i62   9-99570 
v;.84745  9  8ji5o    9-99596 


ine 


Co -tang. 
"^j9.84i77l9-85693   9-9848410^01516 


_l9.84i90  9.85681  9.98509 10.01491 

/i!9.g4ao3  9.85669  9  98534  10.01466 

3J9.84ZI6  9-85657  9.98560  10,01440 

419.84229  9-85645  9-98585  10.01415 

^19.84241 9.85632  9.9861010.01390 

6 9^84255  9-85620  998635  10-01365 

~j  9.84269  9.85608  9.98661  10.01339 

8  9.84282  9.85596  9.98686  10.01314 

99-842959.85583  9.98811  ro.01289 

9.84308  9-85571  9-98737  10.01263 

9.84321  9  85559  9.98762  10.01238 

9-84334  9-85546  9-98787  10  01213 

9.84347  9-85534  9-98812  10,011 

9.843609.85522 

9.843729.8551 

9-84385  9.8549 
9.^4398  9.85485 
9.84411  9.8  «;473 
y.844'-i4  9-*^546o 
9844379-8544? 
9.84450985436 
9.8446.;  9-854.^3 
.  9844769-85411 
249^44899-85399 


25  9  84.902  9-S53^!6 
269.8451^  >85374 
^7  9-84528  9-85361 
289.845409-85349 
*9  9-8455.39.85337 

30  9.84(;66  9-85324 

31  9.b4     9  9.85312 
32/84592  9--5299 
33  9-84605  9-85287  9-993 
349846189.85274  9-99343 
359.848309.85262  9-99368 
36  ;.84643  9.85250  9-99394 

9.84^6569.85237  9-99419! 

,  84669  9-85225  9-99444 

;.8468'9  852i2  9-99469 

V.84694  9-35  200  9-99475 

9-847079-85187  9.99520 

9.847201985175  9-995 


9.84758 
9.84771 
9.847 


985137  9.9962 

9.85125  9-9964610.00354 

,--^,„,9.85ii2  9.99672  " 

9.84796-9.851C0  9.99697 

9.848o9!9. 85087  9^99722 

9.84822J9.85C74  999747 

9,848349.85062  9-99773 

9.848479-^5049  9-99798 

9  84860J9.85037  9-99823 

9^87319.85024  9-99848 

55  9.84S85I9.85012  9-99874 

..16984898,9.84999  9-99899 

57  9-8491 1I9.84986  999924 

5»  9-8492319.84974  9-99949 

59  9.84936!9.8496i  9-99975 

60  9.8494819.84948  10.00000 
'Co-fan. 


9.98838  I0.01162 
9.98863  IO.01137 
9.98888  10.01112 

9.98913  10.0108-; 
9.98939  10.0106] 


9-98964  10.01036 
9.98989  lo.oioi 
9.99015  10  00985 
9  9904c  10.0096c 
9.99065  10.00935 
9.99090  10.00910 
9.99116  10.0088^ 
9.99141  10.00859 
9.99166  10.00834 
9.99191  10.00809 
9.99217  10.0078 
9.9924210.0:75 


9  99267  10.007 
999293110.0070- 


10.00682 

10.00657 

10.00632 

10.00606 

10.0058 

10.00556 

10.0053 

10.00505 

10.0048 

10.C0455 

10.00430 
fu.00404 
10.00379 


Secant   ,  Co-fee.  iV.Sine  (  ]_ 

0.i4307!l0.l5823'4.448i8  4-4847>  60 
[0.1431910.15810  4.44849' 4- 48449  59 
■"  i433iiio.i5797  4.4488 i|4-4i^4i9  58 
14343110.157844-449124.48389  '" 


14355  IO.15771  4.44943'4.48359 
,14368  10.15758  4  44974-4-48330 
14380  10-15745  4_45005U.483o, 
14392  10.15731  4  45637  448270 
0.14304 10.15718  4.45068  4.48240 
0.1441710.15705  4.450994.48210 
;o.i4429 10.15692  4.45130  4.48180 
0.I4441  10.156794.45161  4.48150 
O.I4454  10.15666  4-45192  4 
0.1446610,156534^47^3..      , 
0.14478  10.15640  4.45255  4.4806 

14490  10.05628  4.45286  4.48031 
ro.14503  i©.i56i.s  4.45317 
014515  10.1560    445348 
0.14527  10^15589  4.45379 


Co-iine  J  bine. 


i:.00328 
1^00303 
ro.00278 

10.00253 
1Q.00227J 
10.00202 
10.00177 
io.00152 


to.00226 

lO.OOIOI 

£0.00076 
10.00051 
10.00025 
ro.coooo 


1  ilgcU  t 


0.14701 


454^"  10.15576  4.4541.-: 
[O.14552  10.15563  4.45441 
014564  10,155504.45472 
0.14577-10.155374.45503 
:c.i4589  10.15524  4.45534 

O  T4601  10.15511  4.45565 

0.14614  10.15498  4.45596 
014626  10.15485  4.4562-; 
0.14639  ro.  15472  4.45658 
0.1 465 1  10.154604.45688 
0.14663  10.0544-  4.45719 
0.1467610.1543^  1-4575 
4-45781 


0.146^8  10.15421 


10.1540I 


0.14850 
0.14863 
0.14875 
0.148;^ 
0.14900 

0.14913 
0.14926 
14938 
0.1495 


4.48001 

•1-4797  , 

4.47941  ;42 

4.479II14I 
4.47881  40 

4.4785139 
4.47821I38 
4-4779^137 
-47761,3^ 

''35 


4-45812 


4-4743025 
4j47399i24 


0.14713  1015395  4.4524-^ 
014726  10.153824.45874 
0.14738  10.15370  4.45(^05 
0.14750  10.15357  4.45935 
0.14763  10.1^344  4  45966  4.473691273 
0.14775  I0.15331  4.45997  4-47339  22 
:o.i478<S  10.15318  4.46028  4-4' 309:31 
■C.14800  fo.T53o';  4.4605^4-47278120 
o.i48i3  10.15293  4.460S9  4.47248119 
0.14825  to. 1 5 28c  5.4612c  4.472l8;l8 
0.14838  10.15267  4.4615 


4-47188 
10.15255  4.46181  4-47157 
10.15242  4.46212  4.47127 
10.15229  4.46243  4.47097 
10.15216  4.46273  4.47066 
10.15204  4.4630414^47036 


57 
5O 

55 
-^4 
5i 
5» 
51 
50 
49 
1? 
47 
46 
45 

143 


4.47731 

:.4770i 
4-47671  . 
4.47641132 
4.476I0 

!•  4  75  81^30 


4-47550 
•1-47520 
4.47490 
4.47460 


10.15191  4.46335J4.47OO0 
10.15178  4.46365.4.46975 
10.15x6614.46396:4.46945 
-.-'    ,1"-I5i53t4.46427;4-469I5 
0.14963  10.15 140:4.464  5  7'4-46884 
•o-i49'6Jlo.i5i27!4.46488'4.46854 


0.14988JIO.15115  4.46518  4.46823 
0.15001 10.15102  4-46549'4-46793 
:o,i50i4|io.i5o89!4.465  7914.46762 
0.15026 10.  i5077|4.466iO'4.46732 
•0.i5O39io.i5O74j4.4664o'4-467Oi 
Q  15052  I o.i5052'4.4667i  4.46671} 
Co-fee.     Secant   1  'V.  biudM 


(.45  -D^gO 


TABLE 

OF 

LOGARITHMIC  SINES,  TANGENTS  and  SECANTS 

TO    EVERY 

Point,  Ha^  Point,  and  garter  Point  of  the  CoMPASS. 


Prts. 


o 

Or 


I 
It 

i4 


Sines 


Co-fines 


O.OOOOO  lO.OC-COO 

.69G79  9.99948 

.991  :,o  9.99790 

9.16652  9.99527 


9  29024 

9-38557 

946182 
9-52749 


9-5"2^4 
9.63099 

9-67.539 
9.7 1 105 


9-74474 
9-7750.1 
9.80236 
9.82708 
9.84948 


Co-fl3 


9-91157 
9.98679 
9.98088 
9.973^4 

9.96562 
9.95616 

9-94543 
9-933.VS 

9-9iS^.> 
9.80483 
9.88819 
98697Q 
9.84948 


Sines 


Tangents 

Co-tang. 

.00000 

Infinite 

8.69131 

11.00869 

8.99340 

11.00660 

917125 
9.29866 

10.82875 

10.70134 

9.39878 

10.60122 

9-48194 

10.51806 

9-5S3(>S 

10.44635 

9.61722 

!'>  38278 

9.67482 

10.32518 

9.72796 

10  27204 

9.77770 

10.22234 

9.82489 

10.17511 

9.87020 

10.12980 

9.91417 

10.08583 

9-95729 

10.04271 

10.00000 

10  00000 





Co-tang. 

Tangents 

Secants 


10.03438 
10.04184 
10.05457 
10.06665 


Co-fee. 


11.10901 
11.30921 

11.00870 
10.83348 

10.70976 
10.61443 
10-53718 
10,47251 

10.41716 
10.36901 
10.32661 
10.28895 


10.08015  10.25526 
10.09517  10.22497 
10.11181  i  10.1,764 
10.13021 
10.15052 


Co-fcc. 


Secants 


?l 


7 

6i 
6| 
6| 


5f 
Si 


Prts. 


MENSURATION  OF  SURFACES. 


. 

Lineal  Measures. 

12  inches 

^ 

I  foot. 

3  feet 
6  feet 

164-  feet         7 
or  54  yards  5 
40  poles 
$  furlongs 

I  yard. 
I  fathom. 

I  pole,  rood>  or  p^rch 

I.  furlong. 
I  mile. 

Square 

Measures. 

144  Iquare 
9  feet 
36  feet 

inches 

I  foot. 

-       I  yard. 
I  fathom. 

272^  feet         1 
or  30;^  yards/ 
1600  poles 
64  furlongs 

-  I  pole  or  rood*. 

I  furlong. 

-  I  mile. 

The  Englifli  chain  is  divided  into  100  links,  each  link,  being 
^.92  inches.     And  80  chain-lengths  is  i  Englifli  mile. 


Lineal  Scots  Measures.. 
37  inches         -         -         -     I  ell. 
6  ells,  or  i8t  feet  -         i  fall. 

4  falls,  or  74  feet     -         -      i  chain. 
1  o  chains  or  40  falls      -         i  furloi:|g. 
8  furlongs  or  80  chains     -      1  mile. 


Squar 


1 14  MENSURATION  OF  SURFACES- 

Square  Measures; 
1 369  fquare  inches         -         -     i  ell. 
36  eUs,  or  343:|- feet  -  i  fall. 

16  falls,  or  547  feet  -        i  chain. 

100  chains,  or  1600  falls        -       i  furlong. 
64  furlongs,  or  6400  chains     -    1  mile. 

The  Scots  chain  is  divided  in  100  links,  each  link  being  8.8^ 
inches,  and  80  chains  is  one  Scots  mile. 

y©  meafure  furfaces  andfolids  by  duodecimals ,  or  crofs  multiplication, 

RULE. 

Multiply  each  denomination  of  the  length  by  the  feet  of 
breadth,  beginning  at  the  lower  place,  and  fetting  each  produ6i: 
under  that  denomination  of  the  multiplicand  from  which  it  a- 
rifes,  carrying  by  1 2,  when  neceflary,  to  the  higher  place.  Then 
multiply  by  the  inches  of  breadth  (if  any)  fetting  each  produdl: 
one  place  to  the  right  hand,  carrying  by  1 2  as  above.  Lajlly, 
Multiply  bj  the  parts,  fetting  down  each  produ6l,  another  place 
to  the  right,  and  fo  op. 

EXAMPLE. 

A  pavement  16  feet  4  inches  long,  7  feet  6  inches  broad,  H^y? 

many  fquare  feet  ? 

F.  in. 
Multiply  the  length  16  4 
By  the  breadth      -       7     6 


114     4 
820 

122     6     O 


rir«, 


MENSURATION  OF  SURFACES. 


>"5 


Firft,  fay,  7  times  4  is  28,  which  is  2  to  carry,  and  4  over. 
Write  down  4,  the  cxcefs  in  the  column  of  inches  ;  then  fay, 
7  times  16  is  112,  and  the  2  you  carry  is  114,  which  fet 
down  in  the  column  of  feet.  Again,  6  times  4  is  24,  which 
is  2  to  carry  and  o  over;  then  fay,  6  times  16  is  96,  and  2  is 
98,  which  is  8  feet  2  inches  ;  which,  when  you'll  have  pla- 
ced in  their  proper  columns,  add,  and  the  fum  will  be  122 
feet  6  inches. 


iVo/f, The  fupaxficial  content  of  mafons,  joiners,  plaflerers,  paintdrs,  &c.  woik, 
is  frequently  caft  up  by  tKc  preceding  rule ;  for  the!  better  underfianding  of 
tvhich  obferve,  that 

The  fuperficies  qf  any  redangle  is  found  by  multiplying  the  length  by  the 
breadth;  and  the  content  of  any  triangle  is  found  by  multiplying  half  the  bale 
by  the  perpendicular  altitude,  as  Ihail  be  explained  akerwards. 

Any  lineal  meafure,  multiplied  by  the  fame  lineal  meafure,  produces  fquares 
•f  the  fame.  Thus,  lineal  feet,  multiplied  by  lineal  feet,  produce  fquare  feet ; 
lineal  inches  into  lineal  inches  produce  fquare  inches;  and  fo  on. 
.  Lineal  feet  into  lineal  inches,  produce  redlangles  I  foot  long,  and  i  inch 
broad.which,  divided  by  1  a  quots  feet;  and  the  remainder  multiplied  by  iz, 
produces  fquare  inches. 

Lineal  feet  into  lineal  lines  produce  redangles  l  foot  long  and  i  line  broad; 
which,  divided  by  144  quots  fquare  feet,  and  each  unit  in  the  remainder  arere<ft- 
angles,  equal  to  fquare  inches. 


Q. 


Exam- 


1 16  MENSUR  ATION  OF  SURFACES. 


Examples  for  practice. 


Length. 

Bi-eadth. 

Anfwers. 

i?. 

i. 

//.. 

Z'. 

t. 

/>ts. 

F. 

i. 

//.. 

1. 

18 

4 

6 

2 

3 

2 

.         41 

7 

2 

"3 

"'0 

2. 

27 

3 

0 

-      I 

6 

0 

-      40 

10 

6 

3- 

16 

4 

9 

I 

9 

3 

-         29 

0 

4 

>ii 

3 

4- 

14 

8 

0 

-      2 

0 

6 

-         29 

II 

4 

5- 

20 

10 

0 

0 

4 

6 

-      -     7 

9 

9 

6, 

18 

9 

I 

-      -     3 

0 

0 

-       5^ 

3 

3 

7- 

3^ 

6 

7 

0 

0 

8 

-     I 

9 

8 

4 

8 

8. 

M 

0 

0 

-      -     2 

6 

0 

-       35 

0 

0 

, 

9- 

19 

0 

6 

I 

4 

3 

-     -     25 

9 

5 

I 

6 

30. 

?5 

3 

2 

-    -      I 

9 

9 

-       45' 

9 

5 

10 

6 

II. 

36 

I 

0 

I 

6 

0 

-     -     54 

I 

6 

12. 

162 

3 

0 

-      -  32 

5 

0 

-    5259 

7 

3 

'3- 

103 

2 

6 

-     10 

0 

0 

-    -  1032 

I 

0 

14. 

13 

5 

0 

-     -      4 

3 

2 

-       57 

2 

5 

10 

•b 

15- 

19 

3 

2 

I 

3 

0 

-      -    24 

0 

II 

6 

0 

16. 

14 

6 

0 

-       -      2 

4 

0 

-      -     33 

10 

0 

17- 

20 

8 

0 

0 

6 

0 

10  , 

'4 

0 

18. 

23 

7 

0 

-     r 

3 

0 

-      -     29 

5 

9 

19. 

37 

1 1 

6 

2 

6 

0 

-       94 

10 

9 

20. 

37 

7 

5 

-     -     4 

8 

6 

-        177 

I 

5 

0 

6 

21. 

311 

4 

7. 

-      3<5 

7 

5  - 

■    -   1 1402 

2 

4 

II 

II 

22. 

87 

5 

0 

-      35 

8 

0 

-       3117 

10 

4 

23- 

24 

6- 

0 

-    -    9 

6 

0 

'   -      232 

9 

0 

24. 

4 

7 

9 

- 

I 

5"  3'"   6 

8 

I 

8 

^ 

25- 

14 

0 

c 

-    -     I 

6 

0 

21 

0 

o 

26. 

i<^ 

4 

6 

2 

0 

0 

-'    -^  36 

0 

9 

^7- 

10 

0 

0 

-     0 

10 

0 

8 

4 

0 

PRO- 


MENSURATION  OF  SURFACES.  ii^ 

PROBLEM  I.    Plate  S'fg'  70. 
21?  Jind  the  area  of  a  fquare, 

RULE. 
Multiply  the  fide  by  itfelf,  and  the  prddu^l;  will  be  the  area. 

EXAMPLE  L 

How  many  fquarc  yards  are  in  a  fquare,  whofe  fide  is  15 1  feet  I 

Duodicimally.  Decimally. 

F.     in.     .  F. 

15       6  15.5 

15     6  15.5 


232    6  775 

7     9  775 
155 

9)240.25 

Yds.    26    6 


9)240     3 


26  yds  6  feet  3  inches. 


By  reduSilon, 
F.       in.  in. 

15     6    =    186 

186 


I J  \6 

1488 
186 

9  if 

144)3/1596(240  feet. 

288    

26  yards  6  feet. 

579 

12)36 

3  inch. 


Vjx^^* 
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Ex.  2.  Required  the  area  of  a  fquare,  whofe  fide  is  12  feet  ? 

Anf.  i/3^/\  fquare  feet. 

Ex.  3.  How  many  fquare  feet  are  in  a  fquare,  whofe  fide  is 
IS  feet  3  inches  ?  Anf  '^^feet  o  in.  ^  pts. 

Ex.  4.  How  many  fquare  yards  are  in  a  fquare  court,  whofe 
fide  is  80;^  feet?  Anf  715  yds.  5  /^t-/  o  in.  9 ^/j. 

tx.  5.  How  many  fquare  chains  are  in  a  field,  whofe  Tide  is 
I  mile  ?  Anf  6^00  fq.  chains. 

I    Ex.  6.  Required  the  area  of  a  fquare,  whofe  fide  is  3  chains  ? 

Anf  ^fq>  ch» 

PROBLEM  II.     Plate  ^.fg.  71. 

To^nd  the  area  of  a  reBangle, 

RULE. 

Multiply  the,  cngth  by  the  breadth,  afid  the  produ(Sl  is  the 
area. 

EXAMPLE  t 

Required  the  area  of  a  rectangle,  whofe  height  is  3000  Hnks> 
aad  breadth  1670  links  of  the  Englifh  chain. 

1670 

3000  ' 


50,10000  fquare  links. 
4 


.40000 
40 


i6,oooeo 
Anf  50  acres )  o  roods  16  poles* 


Here> 
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Here,  becaufe  the  chain  is  divided  into  loo  linlcs,  and  that 
loo  X  lOO  is  loooo  (the  number  of  fquare  links  in  one  fquarc 
chain)  and  loooo  X  lo  =  looooo  (the  number  of  fquare  links 
in  one  acre)  divide  the  product  by  looooo,  the  quot  gives  acres 
and  decimals  of  an  acre ;  and  this  decimal  is  reduced  to  value 
by  multiplying  by  4,  by  40,  by  30^.  Or,  inftead  of  dividing 
the  fquare  links  by  1 00000,  cut  off  five  decimal  places  tovi'^ards 
the  right  hand,  the  integral  part  gives  acres,  and  thofe  cut  oiF 
are  decimals  of  an  acre,  and  are  reduced  to  value  accovdingly- 

Ex»  2.  Required  the  area  of  a  re<Sl:angular  field,  whofe  fide^ 
are  ^.^  and  2.54  Scots  chains.^ 

jinf.  1  acre  I  rood  l^  falls  18.72  ells. 

Ex.  3*  Required  the  area  of  a  rectangle,  v^hofe  length  is  15^ 
feet,  and  breadth  12  feet.  Anf.  \^6  fquare  feet* 

Ex  4.  Required  the  area  of  a  re^langlcj  whofe  length  is  !• 
inches,  and  breadth  6  inches.  Ajf.  60  inches^ 

Ex.  5.  Required  the  area  of  a  rectangle,  whofe  fides  are  ^6 
feet,  and  18  feet  6  inches?  Atf.  10^6  fquare  feet. 

Ex.  6.  Required  the  area  of  a  rectangle,  whofe  length  is  1 6^, 
and  breadth  lof  yards  Anf  168.3  j J/. 

PROBLEmjII.    Plate  sJg.  73 

'To  find  the  are^ff  a  rhombus  or.  rhomboid* 

RULE. 

Multiply  the  length  by  the  perpendicular  breadth,  and  tl^c 
produ(St  is  the  area. 

EXAMPLE  L 

Required  the  area  of  a  rhombus,  whofe  fide  is  750  links,  and 
one  of  its  acute  angles  6o°» 


I20 
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To  rmd  DE  the  perpendicular. 

As  rad.     -        90  =  io»ooooo 

is  to  AD  750      -     2.87506 

So  is  fine  ang  A  60°   9-93753 


To  find  the  area.^ 

AB    -    =    750 
DE    -    =  649.5 


ToDEtheper.649.5=2.8i259 


Anf.  4  acres  3  rods  19  falls  14  ells. 


324750 
454654 

4,87125,0 
4 

3,485000 
40 

19,400000 
3f 

14,400000 


When  one  of  the  angles  of  a  rhombus  or  rhomboid  are  gi* 
ven,  the  area  may  be  found  by  the  following  proportion. 

As  rad  :  fine  included  ang.  :  :  the  prod,  containing  fides  :  area. 


As  rad.  90° 

is  to  fine  60° 
So  is  prod.  562500 


lO.QDOOO 

9-93753 

5.75012 


To  the  area  =  487100    -      5*6876^ 


4nf  4  acres  3  roods  19  falls  13  ells  nearly. 


4,87100 
4 

3,48400 
40 

19,36000 
3« 

216000 
J  08000 

1  2,9600% 
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Ex.  2.  Required  the  area  of  a  rhombus,  whofe  length  is  15 
feet,  and  perpendicular  breadth  1 2  feet. 

Anf.  180  fquarefeet. 
Ex.  3.  RequiFed  the  area  of  a  rhomboid,  its  length   being 
24,  and  perpendicular  1 4  Scots  chains. 

Anf.  33  acres  1  roods  16  falls, 
Ex.  4.  What  is  the  area  cf  a  rhombus,  when  the  fide  is 
1260  links,  and  its  acute  angles  54°  30'  ? 

Anf  12  acres  3  roods  1']  falls  7  ells. 
Ex.  5.  Required  th^  area  of  a  rhomboid  whofe  fides  ard 
3200,  2400  links  of  the  Englifli  chain,  and  acute  angle  30.' 

Anf  ^6  a.  I  r.  24/>. 
Ex»  6.  Required  the  area  of  a  rhomboid,  when  the  length 
is  50  feet  6  inches,  and  perpendicular  breadth  6  feet  6  inches- 

Anf  328^>/. 
Ex.  7.  How   many  fquare  yards  are  in  a  rhombus,  whof* 
fide  is  15 1  feet,  and  perpendicular  height  3I  feet  ? 

Anf  5  yards  5  feet  4  inches  6  parts i 

PROBLEM  IV. 

T^find  theftdey  or  the  perpendicular  Breadth  of  any  parallelogram^ 
the  other  Jide  and  the  area  being  given, 

RULE. 

•3k. 

Divide  the  area  by  the  given  fide,  and  the  quotient  will  be 
the  other  fide. 

EXAMPLE  L 

The  area  of  a  retlanglc  being  1 00000  fquare  links,  and  one 
of  its  fides  1000  links,  required  the  other  fide. 

iooo)iooooo[ioo  links,  or  i  chain  length, 

1000 

'  R  Exam- 
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Ex.  2.  A  fquare  field  contains  120  acres,  required  the  lengtti 
of  its  fide.         -        -        120  acres  =  1 2000000  fquare  links* 


And    i2ooo©oo  =  3464  links. 
Ex.  3.  The  area  of  a  rhomboid  is  63*  fquare  feet,  and  the 
length  10  feet.     Required  the  perpendicular  breadth. 

Anf.  6  feet  4.2  inches, 
y^      Ex.  4,  The  perpendicular  breadth  of  a  rhombus  is  4^  feet^ 
and  area  30  fq.  feet.    Required  the  fide.      Anf.  7:0588  j^fA 

Ex.  5.  The  area  of  a  fquare  is  6740  fquare  yards.     Requir- 
ed its  fide.  Anf,  82.097  yards. 

Examples  in  this  problem  and  in  the  three  preceding  pro- 
blems prove  each  other. 

PROBLEM  V.    Plate  6.  fig,  74. 

To  find  the  area  ef  a  triangky  its  perpendicular  height  and  hafe  he^ 
ing  given, 

RULE. 

Multiply  the  bafe  by  half  the  perpendicular  height,  and  the 
product  will  be  the  area. 

EXAMPLE. 

Required  the  area  of  a  triangle,  whofe  bafe  is  64,  and  per- 
pendicular 80  feet. 

64  bafe. 
80  perp.     - 

2)5120  -       ^ 

2560  area. 

Ex.  2  How  many^  fquare  yards  are  in  a  triangle,  whofe  bafe 
is  99  fc'ct,  and  perpendicular  85  feel  6  inches. 

Be^ 
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Decimally,  Dutdecimally, 

F.         in.  % 

85.5  85  6 

99  99  o 


7695  49  6 

7695  765  o 

765   o 


2)8464.5 


9)4232.25  area  in  feet. 


2)8464     6 


Yds.  470     2     3 


9)423 


Yds  470     2  feet  3  In. 


Sy  reduSion. 
F.       in.  in, 

85     6  =  i»26 

99       G    =    II88 


8208 
-    8208 

1026 
1026 

'2)121888.8 

9 

144)609444(4232) 
576  

r/.47o     2     1 

334 
288 

464 
432 

324 
288 


12)  3^ 

3  inches^ 


R  2  Ea* 
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Ex.  3.  Required  the  area  of  a  triangle,  whofe  bafe  is  12 
feet  3  inches,  and  perpendicular  8  feet  9  inches. 

■4^f-  53  fi^^  ']  in.  \  pt.  6". 

Ejc.  4.  How  many  fquare  yards  are  contained  in  a  triangular 
garden,  the  length  of  one  of  its  fides  being  80  yards,  and  the 
perpendicular  diftance  between  that  fide  and  the  oppofite  angle 
70  yards?  Anf.  i^qq  fquare  yards  * 

Ex.  5.  What  is  the  expence  of  paving  a  tiangular  court,  at 
4$.  6d.  per  fquare  yard,  one  of  its  fides  bein,  48  feet  6  incheSji 
and  perpendicular  30^  feet  i'  ^'/.  18I.  9s.  ^^dl   " 

PROBLEM  VI.     Plate  6,  Jig.  74. 

One  of  the  angles  of  a  triangle  and  the  containing  Jtdes  being  given, 
to  find  the  area* 

RULE  I. 

As  radius,  is  to  the  fine  of  the  Included  angle,  fo  is  half 
the  produ£l:  of  the  containing  fides,  to  the  area. 

Rule  2.  Find  the  perpendicular  by  trigonometry,  and  prpr 
ceed  as  in  the  preceding  problem. 

EXAMPLE  I. 
Required  the  area  of  a  triangle,  whofe  included  angle  Is  63° 
30',  and  the  contaii^ing  fides  806  and  70c  links  of  the  Englifl^ 

chain. 

By  Rule  L 

As  radius  90         -         =10.00000 

To  fine  63°  30'         -      9.95^79 

So  is  ABX  AC  —  282100  =  5.45040 


To  area  2.52500    ^.  5.40*219 

Anf.  1  acres  2  roods  4  perches^ 

By 
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By  Rule  II. 

To  find  BD  the  perpen. 

As  rad.  90         -         i  ©.00000 

is  to  AB  700     =     2.84510 

So  is  fine  63°  30'     -    995179 


To  BD  626.5  -  2.79689 
And  626.5  X  806  =  504959 
a)504959 


2.52479  =  2  acres  2  roods,  4  per.  nearly, 

Ex.  2.  How  many  fquare  yards  are  in  a  triangle,  whofe  fides 
are  100.98,  feet,  and  included  angle  45°  ? 

Anf.  384/^.  yds  %\  or  8.8  feet. 
Ex.  3.  Required  the  area  of  a  triangle,  when  the  containing 
fides  are  409  and  220  yards,  and  the  included  angle  30°. 

Anf  22 ^g^fq.  yds» 
Ex.  4    Required  the  area  of  a  triangular  field  ABC,  AB=: 
6000,  AC  8000  links  of  the  Scots  chain,  and  angle  A  39°  36'- 

Anf.  [53  acres. 
Ex.  5.  Required  the  area  of  a  triangle,  the  containing  fides, 
being  21 4  and  25  yards,  and  the  contained  angle  50°. 

Anf  2®3f-  yards* 

PROBLEM  VII.     Plate  6.jig^  75. 

^he  three  fides  of  any  triangle  being  given,  to  find  the  area. 

RULE. 

Add  the  three  given  fides,  and  from  half  their  fum  fuhtra<^ 
the  fides  feverally :   Multiply  the  half  fum  and  the  three  re- 

maindera 


126 
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mainders  continually,  and  the  fquare  root  of  the  laft  produ£l 
will  be  the  area.  / 

EXAMPLE   I. 
Required  the  area  of  a  triangle,  its  three  fides  being  20,  30, 
40  Scots  chains. 


30 

45 

45 

45 

20 

30 

20 

40 

40 

— 

— 

— ■ 

15 

25 

5 

2)90 

Half  fum  45 

15 

225 

45 

675 

25 

3375 

1350 

.16875 

5 

^   ,. 

84375  (2^^ 

h413^ 

4 

443 

* 

441 

5804)27500 

23216 

- 

58087)428400 

406609 

Sq.  Chains, 
10)290,4733 

29,04738 

4 

.18952 
40 

7.58080 
3^ 

'      348480 
174240. 

20,90880 

Sa  the  area  is  29  ac.  o  ro.  7  falla 
21  ells  nearly. 


580942179100,  &c 


METHOD 
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METHOD  II.  By  Logarithms, 

RULE. 

Add  the  logarithms  of  the  three  remainders  and  half  fum 
together,  and  half  their  fum  will  be  th^  logarithm  of  the  area. 


40        45     45 
30  •      40     30 
20        —     — 

45 
20 

5     15 

2)90 

H 

Half  fum  45  =   1.65321 

r   5  =  0.69897 

Rem.-j  15  =  1.17609 

2)4,92621  10)290,4738 


290,4738  =  2.463105  '  29  ac.  o  ro.  7f.  21  elU«. 

METHOD  III. 
AC  :  AB  +  BC  :  :  AB— BC  t  AD— DC. 

That  is,  40  :  50     :  :     10    :    12.5  difF.  feg.  bafe. 

Now  to  find  BD  the  perpen* 
To  half  bafe       20  AB*— AD^=BD%  or 

Add  half  diff.       6.25  BC»— DC^  =BD^ 

AB*  =  900 

The  greater  feg.  26.25  AD         AD*=  689.0625 

Fromhalfbafe    20  60=210.9375 

Subtr.  half  difF.     6.25  , ^ 

.  BD=^2io.9375=J4. 52369  chains. 

The  lefi:  feg.       13.75  DC  20  half  bafe. 

29^047380 
Anf,  29  ac,  o  r.  ^  falls  21  ellu 

METHOD 
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METHOD  IV. 

To  find  ang.  A.  To  find  the  area. 

As  AD     =   26,25       1,41913  I  As  radius     -     90     10,00006 
istorad,         90°    10,00000  |       is  to  fine  28"^  57'     9,68489 


So  is  AB       -     30       1,47712 
Tofec.ang.A  28^  57'  16,05799 


SoisABxACdoo    2,77815 

2 
To  area  290,4738  =  2.46304 


"Which  is  29  ac.  o  r.  7  falls,  2 1  ells,  as  before. 

From  thefe  four  different  varieties,  it  appears,  that  the  lo^ 
garithmic  operation  is  the  eafieft.  It  were  to  be  wiflied, 
that  all  land  furvtyors  would  take  the  trouble  of  comput- 
ing their  meafurements  by  logarithms  ;  then  would  they^ 
agree  in  their  calculations^  and  depend  lefs  upon  the  ac- 
curacy of  their  fcales. 

Ex.  2.  Required  the  area  of"  a  triangle,  whofe  three   fides 

are  500,  300,  and  400  links.  yinf.  2  roeds,  16  falls* 

I  Ex.  3.  Required  the  area  of  a  triangle,  whofe  fides  are   8d, 

60,  100,  feet.  Jnf.  2400  feet* 

Ex  4.  How  many  fquarc  yards   are  in  a  triangular  courts 
whofe  three  fides  are  36,  24,  and  30  feet  ? 

Anf.  3  9  yards,    6. 1 7  feeti 

Ex.  5.  How  many  fquare  yards  are  in  a  triangle,  whofe  three 
fides  are  63,  123,5  ^^^  M^  yards  ?  Anf4i6Sj  yards. 

Ex.  6.  How  many  fquare  yards  are  in  a  triangle,  whofe  fides 
arc  39,  42,  and  45  feet  ?  Anf.  84  yards. 

Ex  7.  Required  the  area  of  a  triangle,  whofe  fides  are  90,84 
ind  78  yard«.  ^^^f  3024  j'^^^-^' 

PRO- 
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PROBLEM  VII.     Plate  6.  fig.  >] s- 
^<wo  fides  of  a  right-angled  triangle  being  given,  to  find  the  other  fidi^ 

RULE. 

To  find  rhe  hypothenufe,  add  the  fquare  of  both  the  legs, 
and  the  fquare  root  of  the  fum  is  the  hypothenufe. 

To  find  one  of  the  legs,  fubtra6t  the  fquare  of  the  given  leg 
from  the  fquare  of  the  hypothenufe,  and  the  fquare  root  of  the 
remainder  is  the  leg  required. 

EXAMPLE  L 

^   The  hypothenufe  is  60,  and  the  'bafe  AC  45  ;  required  the 
perpendicular. 

45  ^^ 

225  36oo=AB* 

.  180  2025     AC» 


2025  1575(39-7  ^^ 

9 


69)^75 
621 

737)5400 
540P 


Ex.  2.  Required  the  length  of  a  ladder,  to  reach  the  top  of  a 
tower  ^6  feet  high,  the  foot  of  the  ladder  being  48  feet  from 
the  wall.  Anf,  ']yfest  9.072  inches, 

S  %x 
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Ex.  3.  The  hypothenufe  is  600,  and  one  of  the  legs  360  : 
Required  the  other  leg.  AnJ.  480. 

Ex.  4.  The  legs  of  a  right-angled  triangle  are  64,  and  4S : 
Required  the  hypothenufe.  Anf.  80. 

Ex.  5.  The  hypothenufe  of  a  right-angled  triangle  is  1 00,  and 
one  of  the  legs  80  :  Required  the  other  leg.  Anf  60. 

PROBLEM  VIII.    Plate  6,fg.  76. 
Tojind  the  area  of  a  trapezoid, 

RULE. 

Multiply  one  half  of  the  fum  of  the  parallel  fides  by  the  per- 
pendicular diftance  between  them,  and  the  produ6l  will  be  the 
area* 

EXAMPLE  I. 

Required  the  area  of  a  trapezoid,  whofe  parallel  fides  arc  1 5, 
ipt  chains,  and  their  perpendicular  diftance  14  chains. 
BC  15 
AD  19.5 


2)34-5 


17.25 
H 

6900 
1725 

10)241.50 


24-15 

Afif  24  ac»  o  i\  2^  falls* 
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Ex.  2.  Required  the  area  of  trapezoid,  whofe  fides  are  I2,i8^ 
feet,  and  the  perpendicular  diftance  between  7  feet. 

jinf,  \o6 fquare feet  2  inches, 
Ex.  3.  Required  the  area  of  a  trapezoid,  the  parallel  fides  be- 
ing 180  and  200  yards,   and  their  perpendicular  diftance  100 
yards.  ^rif.  i  ^000  fqr.are  yards. 

Ex.  4  How  many  fquare  yards  are  in  a  trapezoid,  whofe  pa- 
rallel fides  are  90  and  loo  feet,  and  breadth  50  feet? 

Anf.  527  yards  "f  feet. 
Ex.  5.  Required  the  area  of  a  trapezoid,  whofe  parallel  fides 
are  3,  4  feet,  anS  perpendicular  breadth  3  feet. 

Anf.  10^  feet, 
Ex.  6.  How  many  fquare  feet  are  in  a  plai?.k,  1 3  inches  broad 
at  one  end,  and  15  at  the  other,   the  length  being    16  feet  5 
inches?  Atif.  i^feet  i  inch  :o pnrts. 

Ex.  2.  Required  the  expence  of  caufewaying  a  bridge  150 
feet  long  and  30  broad,  at  is.  6d.  per  fquare  yard. 

Anf  37/.  10/. 

PROBLEM  IX.     Plate  6.  fig.  77. 
'^0  find  the  area  of  a  trapep^iunu 

RULE. 

Refolve  the  trapezium  into  triangles ;.  compute  the  area  of 
each  of  the  triangles  feparately,  and  the  ium  will  be  the  area 
qf  the  trapezium. 

EXAMPLE  L 

Required  the  area  of  a  trapezium  ABCD,  the  diagonal 
AC  60,  BF  50,  and  DE  40  feet. 

&  2  5# 
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5^ 
40 

90 
60 

05400 

2700  Jjif. 

Ex.  2.  Irt  the  trapezium  ABCE 
A  66f  and  the  diagonal  AC  72, 

1,  AB  is  64,  BC  46,  CD  60, 

EngUfh  chains. 

To  find  ABC. 

To  find  ACD. 

64        91     9  [ 
46         64    46 

72         —    — 

9^ 

72 

72         99     99 
60         72     60 
66        —    — 

99 
66 

— •        27     45 
2)182  ' 

19 

2 

' 27     39 

0198 

33 

91  ='1.95904 
27  =  »-43'3<^ 
45  =  1-65321 
19  =  1.27875 

99  =  1.99563 

27  =  i-43i3<^ 
39  =  1. 59106 

33  =  '•5»85i 

2)6.32236 

2)6.53656 

1449.5  =  3«i6ii8 
BAC 

ACD= 

1449-5 

1855  =  3.26828 

10)3304.5 
330.45 

4 

1.80 

40 


32.00 

•4"/'  330  ^c.  I  rood  '^2perchs 
E    X.  3 
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Ex.  3.  Required  the  area  of  the  trapezium  ABCD,  whofc 
diagonal  AC  is  20,  and  perpendiculars  BE  and  DE,  8  and  10 
Scots  chains.  ^r^f  18  acres. 

Ex.  4.  In  the  trapezium  ABCD,  the  fides  AB  is  45,  BC  39, 
CD  42,  DA  36,  and  the  diagonal  AC  48  :  Required  the  area. 

Jnf.  1552,  7223. 

Ex.  5.  Required  the  area  of  the  trapezium  ABCD,  whereof 
the  fide  AB  is  10.25,  ^^  35»  ^^  5®»  ^^  3^»  ^"^  ^^^  diagon- 
al AC  40  chains.  -^/f/'.  76  acres  2  roods  i^  falls  6  ells. 

Ex.  6.  How  many  fquare  yards  paving  are  in  a  trapezium, 
whofe  diagonal  is  20,  and  perpendiculars  104.  and  67  feet? 

j4fjf.  J  ^  yards  2  feet. 

Ex.  7.  How  many  acres  are  in  a  field  ABCD>  of  which  the 
fide  AB  is  8000,  AD  6000,  and  AC  the  diagonal  95^0  links  of 
the  Scots  chain :  Alfo  the  angles  *  BAC,  CAD  are  each  of 
them  30°  ?  Anf.  334  acres  2  roods  16  falls. 

PROBLEM  X.     Plate  6.  fg.  77. 

%ojin4  the  are  a  of  a  trapezium,  its  two  diagonals  and  the  included 
aJigle  being  given. 

RULE. 

As  radius. 

Is  to  the  fine  of  the  included  angle  : 
So  is  =  produ6i;  of  the  diagonals, 
to  the  area.. 

EXAMPLE. 


*  It  will  be  worth  the  learner's  while  to  obferve,  that  when  one  of  the  angles 
of  a  right  angled  triangle  is  300,  the  leg  oppofite  to  it  will  be  exadly  one  half 
of  the  hypothenufe.  Hence  tha  perpencliculai 5  BF  and  DF.  are  4C00,  3020  the 
halves  of  the  fides  AB,  AD. 
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EXAMPLE   I. 

Required  the  area  of  a  trape^zium,  whofe  diagonals  are  loo, 
80  feet,  and  the  included  angle  60°. 

As  radius  90°         -         10.00000 

is  to  fine  60°  -       9*93  753 

So  is  f  prod.  40CO      -      3.60206 


To  the  area  3464  =     -  3-53959 
Ex.  2.  Hequired  the  area  of  a  trapezium,   whofe  diagonals 
are  120,  and  140  yards,  and  the  Included  angle  30°. 

ylnf'  4200  fquare  yards, 
Ex.  3.  What  is  the  area  of  a  trapezium,  of  which  the  dia- 
gonals are  80  ^nd  60  Scots  chains,  and  the  included  angle  60°? 

Jlnf.  207  acres  3  roods  S  falls. 
If  the  trapezium  be  Infcribed  in  a  circle,  its  area  may  be 
found  by  the  following  rule. 

Add  ail  the  four  fides  together ;  from  half  their  fum  fubtra£t 
the  fides  feverally ;  then  multiply  the  remainders  continually 
into  each  other,  and  the  fquare  root  of  the  laft  produdl  will  be 
the  area. 

EXAMPLE. 
Required  the  area  of  a  trapezium,  whofe  fides  are  12,  13, 

14,  15- 

12  27     27     27     27 

13  12     13     14     15 

15         15     14     13     »^  . 


2.54 
27 


15  X  14X  13  ><  12-32760  andv327do=: 1 80^997  Jnf. 

PROBLEM 
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PROBLEM  XI. 


I'd  find  the  area  of  an  irregukf  polygon. 


RULE. 

Refolve  the  polygon  into  triangles  by  diagonals ;  find  the 
area  of  each  triangle  feparately,  and  their  fum  will  be  the  area 
©f  the  whole  polygon. 

EXAMPLE   I. 

Required  the  area  of  the  following  figure,  ABCDEF,  whof« 
perpendiculars  and  diagonals  are  given.     Fig^  78.  plate  (5. 
AC  =  1050-^ 
B^    =    320  I 
Yf    =   420-.  J.  t 
FD  =  9'do  r'"'''^* 
Cc    =   600  j 
Ee    =    200J 

To  find  the  area  of  ABC.  To  find  ACE. 


1050  AC 
320  Bb 

links. 

1050  AC 
420  Ff 

21C00 
3150 

21060 
4200 

)3 36060 

2)441000 

168000  in  fquare 

To  find  CED. 
980  FD 

600  Cc 

220500  fquare  links. 
To  find  the  area  of  FDE. 

980  FD 

206  Ee 

)588ooo 

2)196000 

294000  fq.  links. 

98000  fq.  links 

The 
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!ABC  =  168000 
ACF  =  220500 
CED  =  294000 
FDE  =  98000 

7.80500 
4 


3.22000 
40 

&j8oooo 


3°A 


24.00000 
20000 


24.20000 
Jlfi/.  7  acres  3  roods  8  perches  24'|-  yards. 

The  above  cJcampIe  may  be  rendered  more  fimple,  by  tedu* 
ting  the  figure  to  trapezias* 

1050 
370 


Bb=  320 
Ff  =  420 

2)740 

37c> 

Cc  600 
Ee  200 

a)8oo 

400 

73500 
3150 


388500  the  trap.  ABCF* 

980 
400 


392000  =  FCDE. 


388506 
392000 


Anf.  7  aC'  3  m  8/^*  24f  yds,  7.80500  as  before. 

Required 
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Required  the  area  of  the  irregular  figure  ABCDEF,  of 
\yhich  the  fide  AB  is  40,  AC  50,  AD  55,  AE  69,  AF  36  Scots 
qhainsj  and  the  angles  are  as  follow.     Plate  6.  Jig.  80. 

BAC4o^ 

CAD  43  ^ 

DAE  40°  3©'. 

EAF48^2o'. 

METHOD  I. 


To  find  the  area  of  BAC. 
As  rad.  90         -        10.00000 
is  to  fine  40°      -     9.80807 
So  is  BA  X  AC 

— —— — 1000    3.00000 


To  area  642.8  =;    -     2.80807 


To  find  CAD. 

As  rad.  90         -        10.00000 

is  to  fine  43°     -      9583378 

So  isACxAD  1375=3,13830 


To  area  937,7  =   -     2,97208 


To  find  DAC. 
As  rad.  90         -     »  lo.ooooo 
is  to  fine  40°  30"    9,81254 
SoisDA>cAE 

-7 1898    3.278:0 


To  find  EAF. 
As  rad.  90       -      -  10.00000 
is  to  fine  48°  20'  -  9,87334 
SoisEAxAF 

1242     3,09412 


'Jo  area  1 23 2     -    -    3.09084 

The  area  of  ABC 

of  CAD 

.    of  DAE 

of  EAF 


To  area  927,8 

642.8 

'■    937-7 
1232.0 

-    927.8 


2,96746 


0)3740.3 
374-03 


METHOD 
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METHOD  II.  By  finding  the  perpendiculars. 


To  find  Bb. 


As  rad.  90° 

is  to  AB  40 
So  is  fine  40*^ 


10.00000 

1,60206 

-     9,80807 


To  Bb  25.71     -    -     1,41013 

To  find  Pd» 
As  rad.  90  =      -      10,00000 
is  to  AD  =  55  =    1,74036 
So  is  fine  40°  30'    -   9,81254 


To  find  Cc. 

As  rad.  =  90  =  -     10.00000 

is  to  AC  =  50  =    1,69897 

So  is  fine  43*^         -     9>§3378 


To  Cc  34.1 


1.53275 


To  Dd  35,72 


1*55290 


To  find  Ff. 
As  rad.  90°         -      io.oooo® 
is  to  AF  =  36  =    1.55630 
So  is  fine  48°  20'    -    9,87334 


To  Ff  26.89  = 


1,42964 


Now,  to  find  the  area  by  bafes.and  perpendiculars, 

25.71  X  50  =  1285.5 
,     34>i     ^  55  =  ^875.5 

35.72  X  69  =  2464.68 
26.89  X  6^  =  » 855.41 


2)7481,09  twice  the  area. 


10)3740.545 


374-0545 

■^«/  374-0545  ^<^^^^': 

Ex.  3.  Required  the  area  of  the  following  polygon,  where- 
of the  fides  are  as  follow,  viz.  AF  31. 5,  ,FE  33.5  ED  25.5, 
DC  38.5,  CB  43.5,  BA  34.5,  AE  60.5,  AD  81.7,  BD  74.3 
Englifh  chains,  Anf.  277  acres  3  ro.  12  perches. 
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PROBLEM  XII. 

To  find  Hhe  angles  of  any  regular  polygon. 

By  cor.  ift,  I.  32.  Euclid.  All  the  anterior  angles  of  ^ny 
Te6lilineal  figure,  together  with  four  right  angles,  are  equal  to 
twice  as  many  right  angles  as  the  figure  has  fides.  Hence  the 
following  rule. 

kULE. 

From  double  *he  number  of  fides  fubtra£t  4,  and  the  r^ 
Hiainder  is  the  number  of  right  angles  contained  by  all 
the  fideg  of  the  polygon  Multiply  the  remainder  by  po,  and 
divide  the  product  by  the  number  of  fides,  thcquot  gives  the 
(degrees  in  any  of  the  angles. 

EXAMPLE  I. 

Required  the  angle  of  a  pentagon, 

5  No.  fides. 
2 

10 

6  rem. 
90 


5)540 


108  degrees'  in  each  angle. 

Ex.  2.  Required  the  angle  of  a  heptagon.  Anf.  128°  34^^' 

Ex.  3. : —  of  a  hexagon.  Anf.  120. 

In.  4.  ■ of  a  decagon.  AnJ.  144, 

Kx.  5, ...^ of  an  oclagon.  Anf.  135. 

T2  PRO- 


t^  MENSURATION  OF  SURFACES. 

PROBLEM  Xlir. 

^ofind  the  area  of  a  regular  polygon* 
RULE. 

Find  the  area  o£  a  triangle,  conftructed  on  one  of  the  fidcS 
of  the  polygon,  and  whofc  vertex  is  in  the  centre  ;  then  mul- 
tiply this  area  by  the  number  of  fides,  and  the  product  will  be 
the  area  of  the  polygon.     Or, 

Multiply  the  perimeter  by  the  radius  of  the  infcribed  circle, 
and  half  the  produ6t  is  the  area  of  the  polygon. 

EXAMPLE  L 

Required  the  area  of  a  pentagon,  whofe  fide  is  lo. 

jy?,  To  find  the  angle.  To  find  the  rad.  of  the  infcribed. 

5  As  rad.  90  =      -      10,00000 

2  ^  is  to  EG  5        -       0,69897 

—  So  is  tang.  54  =   -    10,13874 


10 


4  To  FG  6,882=     -    0,8^71 


6 
90 

5)540 
Angle  rc8 


The  perpcn.  6,S82 
t  the  bafe      -      5 

34.410 
No.  fides  -  /       5 


Area    -     172.050 

Ex«  2.     Required  the  area  of  a  hexagon,  whofe  fide  is  301. ' 

^«/:  2338.2 ♦ 
Ex!  3. 


.  MENSURATION  OF  SURFACES. 


I4t 


j£x.  3.     Required  the  area  of  a  heptagon,  whofe  fide  is  i. 

^/y:  3.633912. 

Ex.  4.  Required  the  radius  of  the  infcribcd  circle,  area, 
internal  angles,  and  angles  at  the  centre,  for  the  following 
polygons  :  viz.  The  trigon,  tetragon,  pentagon,  hexagon,  hep- 
tagon, o£bagon,  enneagon^  decagon,  undecagon,  and  dodecagon^ 
the  fide  of  each  beihg  i. 


Name^. 

Trigon 

Tetragon 

Pentagon 

Hexagon 

Heptagon 

O^lagon 

Enneagon 

Decagon 

Undecagon 

Dodecagon 


iNo  of' 
Sides. 

3 
4 

5 
6 

7 
8 

9 

IQ 
I  I 
12 


Rad.  in^r.  circ. 
0.2886)4 

0.688190 
0.866024 
1.038260 
1.207106 

1-373738 
1. 538841 
1.702840 
1.866024 


Areas. 

Int. 

Ang. 

Ang. 

t  cent. 

0.433013 

60° 

0' 

120° 

0' 

I. 

90 

6 

90 

0 

t. 720475 

108 

0- 

72 

0 

2.598072 

120 

0 

60 

0 

3.633912 

128 

34^ 

51 

25V 

4.828427 

135 

0 

45 

0 

6.181824 

140 

0 

40 

d 

7.694205 

144 

0 

36 

0 

9.365620 

147 

16A 

32 

43xV 

II.I96144 

150 

0 

30 

0 

Regular  polygons  of  the  like  number  of  fides  are  fimilar,  and 
fimilar  furfaces  are  to  one  another  in  the  duplicate  ratio  of  their 
homologous  fides  ;  but  the  fides  of  the  polygons  in  the  fore- 
going table  are  each  of  them  i  ;  therefore,  as  the  fquare  of  i 
is  to  the  tabular  area,  fo  is  the  fquare  of  the  fide  of  any  given 
polygon  to  the  area  requited  :  Hence  the  following 

RULE. 

Multiply  the  fquare  of  the  fidfe  of,  any  given  polygon  into 
the  tabular  area  of  the  like  polygon,  and  the  produft  will  be 
the  area  of  the  polygon. 

Ex.  5.  Required  the  area  of  a  pentagon  whofe  fide  is  20  feet 
20         Pentagonal  tablular  area         1.720475 
Sq.  of  the  given  Pol.  fide  400 


20 


400 


688.  190000  fil'feet* 
T  a  Ex. 
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Ex.  6.  What  is  the  area  of  a  hexagon,  whofe  fide  is  50 
yard  s  ?  j^nf.    64  9  5 . 1 8  fquare  yards. 

Ex.  7.  Required  the  area  of  a  ^hexagon,  whofe  fide  is  lo 
feet.  Anf,   1039.2288 

Ex.  8.     Required  the  area  of  a  pentagon,  whofe  fide  is  4. 

Anf.  27.5276, 

Ex.  9.  How  many  fquare  yards  are  in  a  decagon,  whofe 
j5de  is  i  2  feet  ?  Anf,  123  yards  i  i  inches  67  pts. 

PROBLEM  XIV. 

27"^  area  of  a  polygon  being  given  to  find  the  fide, 

RULE. 

Divide  the  area  of  the  ^iven  polygon  by  the  tabular  area  of 
ihe  like  polygon,  and  the  fquare  root  of  the  quotient  will  be 
the  fide  of  the  given  polygon. 

EXAMPLE   L 

Required  the  fide  of  a  pentagon,  whofe  area  is  61.9371, 

1.720475)^'  '"37ioo(3<^ 

51  61425  ^ — 

^—  36=6  the  fide  of  poly. 

10322850 

10322850  •    ^ 

Required  the  fide  of  a  decagon,  whofe  area  is  3077.682 
fquare  yards.  Anf.  20  yards > 

Ex.  3  What  is  the  fide  of  a  trigon,  whofe  area  is  173.202^ 
fquare  yards  ?  Anf.  20. 

Ex.  4.    Required  the  fide   of   a  pentagon,  whofe  area  is 
27.5276  fquare  yards.  ^  Anf.  a^  yards, 

OF 
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OF  THE  CIRCLE. 


x\.  CIRCLE  may  be  confidercd  as  a  regular  polygon  of  an  in- 
finite number  of  fides. 

The  area  of  a  circle  is  equal  to  the  area  of  a  triangle,  whofe, 
bafe  is  equal  to  the  circumference,  and  height  the  radius. 

The  proportion  of  the  diameter  to  the  circumference  may  be 
found  thus  :  Defcribe  a  polygon  of  a  great  number  of  fides, 
about  a  circle  of  a  known  diameter,  and  infcribe  another  of  the 
like  number  of  fides  ;  find  the  perimeter  of  each,  and  the  fquare 
root  of  their  product  will  be  the  circumference.  Hence  the 
circumference  of  a'circle  whofe  diameter  is  i,  is  3.141592653 
58979323846264338327950288,  of  which  number  3.1416  may 
be  ufed,  it  being  fufficiently  accurate  fbr  moll  pradical  pur- 
pofes. 

PROBLEM  XIV.     Plate6.Jl^^^2i 
^ he  diameter  being  given  to  find  the  circumference 

RULE. 

Hultiply  3. 1 41 6  by  the  given  diameter  5  the  produ6l  will  be, 
the  circumference. 

EXAMPLE  I, 
Required  the  circumference  of  si  circle,  whofe  diameter  is 


3-'4i^, 
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*Atif.  ^ifeet  \i  inches  ^f  parts  neatfy^^ 


3.1416 
14 


125664 
31416 

43.9824 
12 

I.I.7888 

U . 

9.4656^ 

Ex.  2.  The  diftance  between  t?xe  cogs  of  a  mill-wheel,  an4j 
the  centre  of  the  axle,  is  5  feet ;  how  many  cogs,  at  4  inches^ 
pitch,  will  the  wheel  admit  of?  y4nf.  94»248  cogs. 

Ex.  3.  The  fame  thing  bfeing  given,  required  the  true  pitch 
for  6.1  cogs.  Anf.  6  inches  2"  2'"  nearly. 

Ex.  4.  Suppofing  the  earth  to  be  an  exaft  fphere,  required, 
its  circumference,  the  diameter  being  7958  miles. 

j^nf,  25000.8528  wz/cj-. 

Ex.  5.  Required  the  circumference  of  a  circle,  whofe  radius, 
is  '^  feet.  J^nf.  94tV'oV/'^^- 

Ex  6.  WV,at  is  the  circumference  of  a  circle,  whofe  diame- 
ter is  484-  inches  >  -^«/  1 2  feet  8  i^Jches  4t  parts. 

V 

*  PROBLEM  XIII. 

The  circumference  of  a  circle  being  pven,  to  find  the  diam^er^ 

RULE. 

Divide  the  circumference  by  3. 14 16,  and  tlic  quotient  will: 
he  the  diameter. 

EXAMPLE   I. 


94^5 


Required  the  diameter  of  a  circle  whof«  circumference  is 
a8.  -  3-i4i^- 
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3.1416)94.2480(30  feet 
94248 


M5 


Ex.  2.  What  is  the  diameter  of  a  circle  whcfe  circumference 
is  80  feet  ?  Anf.  2^.464  feet. 

Ex.  3.  Required  the  diameter  of  a  circle,  whofe  circumfer- 
ence is  looo.  Afif.  318309. 

Ex.  4.  Required  the  diameter  of  a  circle,  whofe  circum- 
ference is  64  feet.  Afif.  20.368. 

Ex.  5.  Required  the  diameter  of  a  milllone,  whofe  circum- 
ference is  22  feet.  Anf.  7.G028. 


PROBLEM  XIV. 

"Hhe  diameter  and  circumference  of  a  circle    being  given y  to  find 
the  area. 


RULE, 

Multiply  half  the  radius  into  the  circumference,  and  the'pro- 
du<5l  is  the  area. 

EXAMPLE  I. 

Required  the  area  of  a  circle  whofe  diameter  is  i. 
3.1416  circum. 

.25  half  the  rad.  ^4 


157080 
62832 

.785400 


^ 
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Circles  are  fimilar  figures  ;  and  fimilar  furfaces  are  as  the 
fquares  of  their  correfponding  fides  -,  therefore,  as  i  *  is  to 
•7854  •.  (the  area  of  a  circle  whofe  diameter  is  1)  fo  is  the  fquare 
of  any  given  diameter  to  the  area  required.     Hente, 

RULE  II. 

Multiply  the  fquare  of  the  diameter  by  the  common  number 
'.7854,  and  the  produ61:  is  the  area. 

EXAIVIPLE  II. 

B-cquired  the  -area  of  a  circle,  whofe  diameter  is  1 2  feet. 

Anf.  ii'}^'Qg']6  fquare  feet, 

Ex.  3.  How  many  fquare  feet  are  in  a  table,  whofe  diameter 
is  6  feet?        '  .    .  Jnf  2^.2-j^^feet, 

'  Ex.  4.  What  is  the  area  of  a  circular  court,  whofe  diameter 
is  24  yards  ?  Anf.  452.3904  fqtiare  yards. 

Ex.  5.  How  many  fquare  miles  are  in  a  great  circle  of  the 
earth,  its  diameter  being  7957^  miles? 

.^;7/I  49736071.58880750. 

Ex.  6.  "What  is  the  area  of  a  circle,  whcffe  diameter  is  3|- 
feet?  '       Anf.  I  \.04/\6^']^  fquare  feet.    ' 

Ex.  7.  Required  the  area  of  a  circular  garden,  whofe  radius 
ig  160  links  of  the  Englifh  chain.    '  Atf.  3  roods  8  poles  20  yds. 

Ex.  8.  What  is  the  area  of  a  circle,  whofe  diameter  is  2  feet? 

■•:■■■'-  Anf  2-141  ()'' 

Ex.  9.  Required  the  area  of  the  ring  between  the  circumfe- 
rences of  two  concetitric  circles,  their  diameters  being  20  and 
35  inches.  >        J„f  i^'j.^^^fq.  inckes.     • 
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PllOBLEM  XV. 

^/}e  circumference  of  a  circle  bein^  given,  to  find  the  area, 

RULE. 

,.   Multiply  the  Square  of  the  circumference  by  .0795775^,  ahsl 

ihe  produdi  will  be  the  area. 

• 

EXAMPLE  L 

Required  the  area  of  a  circle  whofe  circumference  is  f* 

1^  =  1  J 

•0795775 


I 


'-^■:^\^'H  ^.  \    i 


y_  -  -0795775 

lEx.  2.  What  is  the  area  of  a  circle,  Whofe  circumference  \k 
5  feet?  Anf  1.9894375. 

Ex.  3.  Required  the  area  of  a  circle  whofe  circumference  is 
ioD  yards.  Anf.  795.775. 

Ex.  4.  The  ejcpcnce  oT  inclofmg  a  circular  court  at  8s.  per, 
yard,  amounted  to  320I  ;  required  the  expence  of  paving  it, 
at  6d.  per  fquare  yard.  Anf.  1273I.  5s.  7d. 

Ex.  5.  How  many  fquare  feet  are  in  a  circular  table,  whofe 
circumference  is  15.1328  feet .''  Anf  $0-26^6  fq.  feet. 

Ex.  6.  Required  ^he  area  of  a  circle,  whofe  circumferencie 
1331.416.  -dnf^^.^J^. 

PROBLEM  XVL 

The  area  of  a  circle  being  given,  to  find  the  circumference* 

RULE  L 

Divide  the  ai-ea  by  .0795775,  and  th?  fquare  root  of  the  quo- 
tient will  give  the  ciiwamfeKHCe. 
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Rule  2.  Divide  the  area  by  .7854,  the  fquare  root  of  th« 
quotient  will  give  the  diameter  5  then  find  the  circumference 
by  prob.  1 2. 

EXAMPLE  I. 

The  area  of  a  circle  being  5026.56  fquare  feet ;  required  the 
circumference. 

By  Rule  I. 

.0795775)5026.5600000(63165.3931  fq.  circum^"] 

4774650 


2519100 

2387325 

1317750 
795775 


5219750 
4774650 

4451000 
3978875 


4721250,  &c. 


sitrd     63 165.393 1  =  251.  ^^feet.     Anfl 


By  Rule  II. 
,7854)5026.^600^64000  fq.  dis. 
47124 


31416 
.00 


and     6400  =  80  diameter. 

3.1416 
80 


251.3280  feet.     Anf, 

Ex.  a- 
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Ex.  2'  Required  the  circumference  of  a  circle,  whofe  area  is 

795-775-  ^«/  ICO, 

Ex  3.  Vl^hat  is  the  circumference,  when  the  ajea  is  452.3904 
fquaire  yards?  ^ifif.  'j^.^D^^  yards, 

PROBLEM  XVII.  plate  6.f,g.  8  k 

Itofind  the  chord  of  any  arch  of  a  circle^:  the  diameter  and  verjed 
ftney  or  height  of  the  arch  being  given, 

Becaufe  CD  and  AB  cut  each  other  within  a  circle,  the 
Te£langle  contained  by  the  fegments  of  the  one  is  equal  to  the 
redlangle  contained  by  the  fegments  of  the  other.  Euclid  III, 
35.  That  is,  BExAE=CExED;  but  CE  is  equal  to  El> 
Euclid  3.  3.  therefore, 


BExEA=CE*  and  ^BExEA=CE,and2CE=CDthcchord" 
Or,  CD  may  be  found  thus. 
Since  BA  and  AE  are  given,  CG  and  G£   are  alfo  given  ; 

wherefore  ^CG^— GE*=CE  and  twice  CE=CD.    PIcnce 
the  following  rules : 

RULE  L 

,  From  the  diameter  fubtra61:  the  verfed  firfe ;  then  multiply 
the  remainder  by  the  verfed  fine,  and  twice  the  fquarc  root  of 
the  producl  will  be  the  chord  of  the  arcli. 

RULE  IL 

From  the  fquare  of  the  radius  fubtraci  the  fquare  of  the  dif- 
ference between  it  and  the  verfed  fine,  and  twice  the  fquare 
jTOot  of  the  remainder  will  give  the  chord  of  the  arch. 

EXAI\IPLE  I. 

Required  the  length  of  the  chord  of  an -arch,  whofe  height 

is  8  and  diameter  40  feet. 

By 
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',.  By  Rule  i, 

From  diam,     40 
fubtr.  ver.  fine    8 

Rem.       32 
V.  Sine      8 


By  Rule  2I 


Rad. 
V.  Sine 


256(i6half  thecii. 
I         2 

^6)' 5^  32  the  chord. 


20 
8 


difF.  12 

20*    =  400 

'12*    =    144 

256 

"^256=16  ntilf  the  choreic 
2 

32  the  chord  as  before 


Ex.  2.  What  is  the  chord,  when  the  dianieter  is  60,  and  ver- 
led  fine  16  inches  ?  uf^/if  53  06  inches,    . 

Ex.  3.  Required  the  chord  of  an  arch,  when  the  diameter 
Is  50  arid  verfed  fine  14  feet.  Anf.  /\4.SggS  feet. 

Ex.  4.  What  is  the  chord,  when  the  diameter  is  40,  and 
height  of  the  atch  4  ?  Jnf.  24. 

Ex.  5'.  When  the  radius  is  68,  and  the  verfed  fine  8,  re- 
quired the  chord.  Anf.  64.    , 

Ex.  6.  What  is  the  chord,  when  the  verfed  fins  is  14,  and 
fhc  diameter  70  inches  ?  Anf.  ^6  inches, 

PtiOBhtM  XVIII. 

^he  chord  and  verfed  fine  of  an  arch  being  given,  to  find  the  diame- 
ter of  the  circle  of  ivhich  the  arch  is  a  part* 

RULE. 

Divide  the  fquare  of  half  the  chord  of  the  arch  by  the  verfed 
fine,  to  the  quotient  add' the  verfed  fine,  and  the  fum  will  be 
the  diameter. 


EXAMPLE 
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EXAMPLE  I, 

What  is  tlie  diameter,  when  the  chord  is  48,  and  the  vcr» 
fed  fine  8  inches? 
^  2)48  24*  =  576  fq.  ithechordo 

Half  chord  24  8)5  7<5. 

72  quot. 
8  verfed  fine. 

the  diameter  is     80  inches. 

Ex.  2.  Required  the  diameter,  when  the  chord  is  36,  and, 
height  3.  Anf.  Ml  inches. 

•  Ex.  3.  What  is  the  radius,  when  the  verfed  fine  is  8,  and 
the  chord  60  ?  Anf.  6p\, 

Ex.  4.  Required  the  diameter,  when  the  chord  is  30,  and 
the  verfed  fine  4  feet.  Anf.  60.25  f^^*- 

'  Ex.  5.  When  the  height  of  the  arch  is  2  feet,  and  the  chord 
6  feet,  required  the  diameter.  Anf  ^,5  feet, 

PROBLEM  XIX.  plate  6^fg.  8it| 

To  find  the  chord  of  half  the  arch  y  any  two  of  the  foUoiving  terms 
■    being  given  ;  namely^  the  verfed Jine^  chcrdy  and  diameter. 

When  the  verfed  fine  and  chord  arc  given. 


Bccaufe  AC^  +  DB2=AB»  therefore  ^  ACa  +  DBa=AB  hence 

4    '  4 

RULE  L 

To  one  fourth  of  the  fquare  of  the  chord  of  the  arch  add 
the  fquare  of  the  verfed  fine,  and  the  fquare  root  of^  their  fum 
wiU,  be  the  chord  of  half  the  arch. 
^  '^-"^  ^  '  '  When 
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When  the  verfed  fine  and  diameter  are  given. 

Becaufe  AD*  =  BD  X  DE,  and  AD*  +  BD»  =  ABs  therefore, 

BDxDE-fBDa=ABa  and  ^BDx  D£-fBD*  =  AB  the  chord. 

RULE  II. 
From  the  diameter  fubtra£l  the  verfed  fine,  multiply  the  re- 
i:pamder  by  t»}ie  verfed  fine,  and  to  theiy  produd:  add  the  fquare 
of  the  verfed  fine,  and  the  fquare  root  of  the  fum  will  be  the 
ch^rd  of  half  the  arch. 

"When  the  chord  and  diameter  are  given. 

^  AG2— AD*=DG  and  GB— DG=DB  the  verfed  fine. 
Then  proceed  as  in  Rule  I. 

EXAMPLE  I. 
Required  the  chord  of  lialf  the  arch,  vrhen  the  diameter  is 
68,.  and  the  verfed  fine  4  feet. 

68  diameter 
4  verfed  fine  ; 


•« 


64 
4  ver.  fine 

256 
16  fq.  verfed  fine 

272(16.49 
I.  . 

26)172 

324)1620 

1296 


3289)30400 
2960 1 

799 


Ex; 
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l^x.  2.  Required  the  chord  of  half  the  arch,  when  the  chord 
bf  the  arch  is  32,  and  verfed  fine  4  feet  ?  Anf.  16.49. 

Ex.  3.  Required  the  chord  of  half  the  arch,  of  which  the 
diameter  is  20,  and  verfed  fine  8  inches.     Anf.  12.65  Inches, 

Ex.  4.  Required  the  chord  of  half  the  arch,  the  chord  of  the 
arch  being  60,  and  height  8.  Anf.  31.048. 

Ex.  5.  What  is  the  chord  of  half  the  qrch,  when  the  diamc.* 
ter  is  26,  and  the  verfed  fine  6  ?  Atf.  12.49. 

Ex.  6.  What  is  the  chord  of  half  the  arch,  when  the  verfed 
fine  is  140  and  chord  360  links?  Anf  228.03  I'mks, 

Ex.  7.  When  the  chord  is  31,  and  Verfed  fine  ii#;  Re-, 
quired  the  chord  of  half  the  arch.  Anf  19.3. 

Ex.  8.  Required  the  chord  of  half  the  arch,  when  the  dia- 
meter is  80,  and  chord  60  feet.  Anf  32.9I2. 

/  PROBLEM  XX.    P/^/^6./^.  8  m 

The  chord  of  half  the  arch,  and  the  chord  of  the  whole  arch 
being  given,  to  find  the  height  of  the  arch,  alfo  the  diameter  of 
tlie  circle  of  which  the  arch  is  a  part. 


^AB^—AD*  =  BD,  or  verfed  fine. 

AD^ 

=  DE  and  BD  +  DE  =  BE  the  diameter. 


BD  / 

RULE. 

From  the  fquare  of  the  chord  of  half  the  arch,  fubtra^l:  the 
fquare  of  half  the  chord  of  the  whole  arch,  and  the  fquare  root 
of  the  remainder  will  give  the  verfed  fine.  Then  divide  the 
fquare  of  half  the  chord  of  the  arch  by  the  verfed  fine  ;  and  to 
Uie  quotient  add  the  verfed  fine,  the  fum  will  be  the  diameter. 

X  EXAMPLE 


Xi4  MENSUR  ATION  OF  SURFACES. 


EXAMPLE   I. 

Required  the  diameter  when  the  chord  of  half  the  arch  Is  lo, 
a'nd  the  chord  of  the  arch  14  inches. 
From  10*  =  100 
Take    7  ^  =     49 

51(7.141  verfed  fine 
49 

141)  200 
141 


1424)5900 
5696 


14281)20400 
14281 


61 19  rem* 

7,141)49  fq.  i  chord. 

6.861  feg.  diamet.      / 
7.141  verfed. 


14.902  diameter. 

iV(5/<?,  "When  the  verfed  fine  is  greater  than  the  other  fegment 
of  the  diameter,  the  arch  is  greater  than  a  fcmicircle. 

Ex.  2.  Required  the  diameter,  when  the  chord  of  the  arch 
IB  40,  and  the  chord  of  half  the  arch  30  feet      u^r/f.  40.71. 

Ex.  7.  What  is  the  diameter,  when  the  chord  is  loo,  and 
the  chord  of  half  the  arch  54?  ^fif.  141^13. 

PROBLEM  XXL     Plate  6.  fig.  83. 

Zto/ind  the  length  of  any  arch  of  a  circle^  any  two  of  thefe  being 

given, 
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given,  viz   t^e  diameter  or  radius,  verfedjine,  chord,  qr  chord  of- 
half  the  arch.  ' 

RULE  I. 

Find  any  two  fides  of  the  right-angled  triangle  ADG  ;  then, 
by  trigonometry,  find  the  angle  AGB,  and  twice  that  angle 
will  meafure  the  arch  ABC. 

Then  fay,  as  360°  is  to  the  number  of  degrees^  in  the  arch 
ABC,  fo  is  the  whole  circumference  of  the  given  circle  to  the 
length  of  the  arch. 

Rule  2.  From  8  times  the  chord  of  half  the  arch,  fubtra£t 
the  chord  of  the  whole  arch,  and  f  the  remainder  will  give  the 
length  of  the  arch  nearly. 

EXAMPLE  L 

Required  the  length  of  the  arch  ABC,  its  height  is  8  feet, 
and  chord  40.- 

Sq.  of  =  chord  =  20*  =  400  50  =  DE. 

and  400  8  =  BD 

=  50  =  DK 


Verf.  f.  8 


2)58  =  BE 

29  =  AG 

20  =  AD. 


By  Rule  L 

To  find  the  angle  AGD. 

As  AG  =  29  =        -     1.46240 

is  to  rad.  90.  =  -        10. 00000 

So  is  AD  =  20  =      -     1. 30103 


To  fine  AGD  43°  36'     9.83863 
2 


Ang.  AGC 


87     12 

3.1416  '<  58  =  182.2128  circum. 

As  360°  :  87.2  :  :  182.2128  : 

As  4!j  :  ID.9  :  .-  182.2128  :  44.135989.  Auf, 

X.  3  By 
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By  Rule  II. 

5to*  =  400  =  AD^ 
8*  =    64  =  BD* 

464(21.54065  the  chord  of 
4 

f  arc^^ 

41)64 
41 

- 

425)2300 
2125 

21.54065. 
8 

4304)17500 
17216 

^30806)2840000 
2584836 

4308125)25516400 
21540625 

172.32520 
40 

3)132.32520 

44.1084  u^fj/l 

3915115 
Ex.  2.  Requh"ed  the  height,  alfo  the  diameter  of  either  fri- 
gid zone,  the  diameter  of  the  earth  being  7958  n^iles,  and  the 
polar  circles  23°  28'  diftant  from  their  poles* 
PS  =  7958  diani. 
AC  =  3979  femidiam. 
Ang.  ACD  =  23"  28' 

To  find  AN,  the  diametei*  of  the  zone's  bale. 

As  rad.  90  -  10.00000 

is  to  AC  3979       ^       3-59977 

So  is  fine  ang.  C  23°  28'  9.60012 


To  AD  1574.5        -       3'^99-^9 
2 


AN  =  3149  o  =  FK. 
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To  find  PD  the  height  of  the  zone. 
As  rad.  90         -         -        10.00000 
is  to  AC  3979       -  3-59977 

So  is  co-fine  23°  28'  =    -  9.9625  £ 


To  DC  =  3650  =        -     3.56228 
CP— DC=PD,  that  is  3979     ' 
3650 

The  height  of  zone     329 

N.  B.  I .  Here  it  may  be  ufeful  to  obferve,  that,  becaufe  the. 
triangles  ADC  and  TFC  are  equal  and  fimilar,  CA  :  DA: : 
TC  :  FC,  but  AC  is  equal  to  TC ;  therefore,  ADz=FC  and 
2AD=2FC,  hence  it  is  evident,  that  the  height  of  the  torrid 
zone  is  equal  to  the  diameter  of  either  frigid  zone. 

N.  2.  In  like  manner  ic  might  be  demonftrated,  that  the 
height  of  both  temperate  zones,  together  with  the  height 
of  the  torrid  zone,  are  equal  to  the  diameter  of  the  greater 
bafe  of  either  temperate  zone,  or  to  the  diameter  of  the  bafc, 
•f  the  torrid  zone  at  the  tropics. 

PROBLEM  XXIL  plate  6.  fg.  83. 
1^0  find  the  area  of  thefeBor  of  a  circle, 

RULE. 

Multiply  the  length  of  the  arch  by  half  the  radius,  and  the 
j)rodu£t  is  the  area. 

EXAMPLE    L 

Required  the  area  of  the  fedor  ABCG,  AC  the  chord  of 
the  arch  being  60,  and  BD  the  verfed  fine  8. 

To  find  the  radius. 
AD^        90Q  , 

=  =  112.5  ^"^^  112.5  +  8=120.5  the  diameter. 

BD  §  60.25  =  AG  rad. 

52.25  =  DG 

To 
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To  find  the  number  of  degrees  in  the  arch  ABC^ 

As  DG   =   52.25       =       1. 71809 

is  to  rad.  90°         -         10.00000 

-    So  is  AD  =  30      -       -        1.47712 


to  tang.  AGD  29°  52'  =  9*75903 
2 


59  44  =  arch  ABC. 
360=*  :  59^  :  44'  :  :  378.5862  :  62.8133.. 

62.8133  length  of  the  arch  ABC* 
60.25 


3140665 
1256266 

37687980 

2)3784.501325 

1.892.2506625  Jnf, 

METHOD  II.. 
Find  the  length  of  the  arch  by  prob.  2iffe. 

30"  =  9C0  =  AD* 
8^  =:  64  =  BD^ 


964 


964  =  31.048  chord  of  f  the  arch. 
8 


248.384 
60.         chord  of  the  arch* 


188.384 


62.794  length  of  the  arcji* 


T:hfiIl^ 
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By  the  Rule. 

($2,794 
60.25 

313970 
125588 
3767640 

2)3783-33850 

1 89 1.66925 
Ex.  2.  What  is  the  area  of  a  feflor,  when  the  vcrfed  fine  1$ 
5,  and  chord  of  half  the  arch  10?  Anf.  104.720$. 

Ex.  3.  Required  the  area  of  the  fe£tor,  when  the  chord  o 
half  the  arch  is  10,  and  the  chord  of  the  whole  arch  16  feet, 

Anf.  88.88/^f/. 
Ex.  4.  Required  the  area  of  a  fe£lor  of  a  circle,  when  the 
diameter  of  the  circle  is  60,  and  the  length  of  the  arch  63 
yards.  Anf  (.joo  fq.  yards. 

Ex.  5.  Required  the  area  of  a  fe6):or,  when  the  length  of 
the  arch  is  156.28  feet,  and  the  diameter  140  feet. 

Anf  sA^9^^fq'fiet. 
Ex.  6.  When  the  length  of  the  arch  is  54,  and  the  radius  of 
the  circle  60,  required  the  area.  Anf.  1620.* 


PROBLEM  XXIIL  Plate  6./^.  83. 
To  find  the  area  of  a  fegment  of  a  circle. 

RULE  L 

Find  the  area  of  a  fedor,  whofe  arch  is  the  fame  with  the 
fegment,  by  the  preceding  problem. 

Then 


§  When  the  chord  of  half  the  arch  is  double  the  verfed  fine,  four  time*  the 
vcried  fiae  i§  e^ual  to  the  diameter,  and  the  arch  i%o'^ 
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Then  find  the  area  of  a  triangle,  whofe  two  fides  are  the  ra- 
^ii  of  the  fe£lor,  and  bafe  the  chord  of  the  arch.  Subtract  or 
add  the  area  of  the  triangle,  according  as  the  fegment  is  greater 
cr  lefs  than  a  femicircle. 

Rule  2.  Multiply  the  chord  of  half  the  arch  by  if,  to  the 
produ£l  add  the  chord  of  the  whole  arch,  multiply  this  fum  by 
the  verfed  fine,  and  VW  of  the  product  will  be  the  area  of  the 
fegment. 

EXAMPLE  I. 

What  Is  the  area  of  the  fegment  ABC,  its  chord  being  6# 
'srnd  radius  50  ? 

By  Rule  L 

2500=:AE2' 

9oo=AD* 

i6oo=DE* 
4o=DE 

To  find  the  length  of  the  arch  ABu. 
As  AE=5o  1.69897 

to  Rad.=90  10.00000 

So  is  AD=3o  1.47712 


To  fine  ang.  AED  36°  52'    9-77815 
2 


73-44 
360°  :  73°  44' : :  3 14.16  :  64.344  the  length  of  the  arcb 

64.344 X  25=i6o8'.6  area  of  the  fee.  ABCE. 

'  I)E=2ox6o=i2oo  =  area  of  tri.  ACE 

401^.6  =  area  of  feg.  required* 
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i6i 


By  Rule  IL 

From  5o=BE 
Take  4o=ED 

Rem.  io=r:BD  verfed  fine. 

To     ioo=BDa 
Add  9co=ADz 

iooo=AB* 


s/ 

*   And     1000=3 1. 6228= AB 


31.6228 


31.6228 

10.54093 


42.16373 

60.G0000  chord  of  I  ztch. 


102.16373 

10  verfed. 


1021.0373 
4 

^0)4086.5492 


408.65492  ^nf  ^s  before. 

Or  thus : 
Divide  the  verfed  fine  by  the  diameter,  find  the  quotient  in 
the  column  of  verfed  fines,  and  multiply  the  correfponding  area 
by  the  fquare  of  the  diameter  for  the  area  cf  tlie  fegment. 

The  example  being  the  fame  as  before,  we  have  the  verfed 
fine  equal  10,  and  diameter  100. 

100)10. o(.i 

I0« 

T  in 
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In  the  column  of  verfed  fines  find  .  i 
And  the  correfponding  area  is  .0408  7  ^ 

Sq.  diameter,  -  -  loooo 

Area  as  before,  408.750000 

Ex.  1.  Required  the  area  of  the  fegment,  when  the  arch  Is 
90°  and  diameter  36  feet.  Anf,  g2,^6g6fq,feet. 

Ex.  3.  "What  is  the  area  of  the  fegment  of  a  circle,  when  the 
diameter  is  25  and  verfed  ^mz  9  ?  Anf.  159.09. 

Ex.  4.  Required  the  area  of  a  fegment,  whofe  chord  is  32, 
the  radius  being  20.  Anf>  178.9168. 

Ex.5.  Required  the  area  of  a  fegment,  its  verfed  fine  being 
3^,  and  diameter  50  yards.  Anf.  S^-i^'JS/q-  yards. 

PROBLEM  XXIV. 

fojind  the  area  of  the  cycloid. 
Definitions. 

1.  If  the  circle  ABGE  roll  on  the  ftraight  line  CD,  fo  that 
all  the  points  of  the  circumference  be  applied  to  it  fucceffively, 
the  point  x,  that  touches  the  line  CD  in  c,  by  a  motion  thus 
compounded  of  a  circular  and  rc61:irmeal  motion,  will  defcribe 
the  curve  line  CBD,  which  is  called  the  Cycloid. 

2.  The  ftraight  line  CD  is  called  the  bafe. 

3.  The  ftraight  line  AB,  perpendicular  to  CD,  and  bife£l:ing 
it,  is  called  the  axis,  and  is  equal  tathe  diameter  of  the  gene- 
rating circle. 

4.  The  generating  circle  is  that  by  whofe  revolution  the  curve 
line  Is  defcribed. 

5.  JThc  point  B  Is  called  the  vertex. 

Note*  The  bafe  CD  is  equal  to  the  circumference  of  the  ge- 
nerating circle,  and  the  cycloid  CBD  is  quadruple  of  the  dia- 
inctcr^    Vido  Sir  Ifaac  Newton's  Philofophical  Difcoveries. 

RULE 
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RULE. 
Multiply  the  area  of  the  generating  circle  by  3,  and  the  pro- 
«lu£t  is  thkfi  area  of  the  cycloid. 

OOOGT 

-  EXAMPLE  I  ■ 

Required  the  area  of  the  cycloid,  when  the  diameter  of  the 
geneiatiag^  cjrcle  is  4  feet.  ,       xu ^P  ^  >. 

,8b,o,8r^    — ^ 

7854 

1 2.5664  af€a.of  the  generating  circle. 
'3 


37.6992  fq.  feet,  area  of  the  cycloid. 

Ex.  2.  Required  the  area  of  the  cycloid,  whofe  bafe  is 
25.1328.  -^ff-  150.79- 

Ex.  3.  Required  the  area  of  the  cycloid,  whofe  length  is  400 
feet.  4^1/'  23562/^./^*'/. 

..nvn.f.  »;:  PROBLEM  XXV. 

To  find  iJfefitie  and  cofine  of  a  veryfmall  arch^fuch  as  l' 

A  fmall  arch  fuch  as  i ',  nvay  be  confidered  nearly  equal  to  its 

fine.     Suppofe,  then,  the  radius  of  a  circle  to  be  1 00009,    in 

which  cafe  the  circumforence  will  be  628318.52;  therefore 

6283^18.52 

— wiU  quote  29.08,  the  natural  fine  of  i'.     Since  the 

60X360 

fquare  of  the  hypothenufe  of  a  right  angled  triasgle  is  equal  to 

«**^e  fuq:i.  of  the  fquares  of  the  legs,  tlierefore  from  die  fquare  of 

'-Ka/,...  ...  J  Y2.  ^  th^ 


%64.  SECANTS  AND  VERSED  SINES. 

the  radius  fubtr^£^  the  fquarc  of  the  fine  of  any  arch,  andifche, 
fquare  root  of  the  remainder  will  be  thp  cofine  of  that  arch. 

Thus    loooooooooo — 845.64=99999^9  the  cofine  of  1' 
The  verfed  fine  x  B  may  be  found  by  fubtradting  the  cofifie 
£rom  the  radius.  „* 1- — 

PROBLEM  XXVr.  — ^_ 

^hefine  and  cofine  0/ any  arch  being  given,  to  f.nci  the  fine  and  co^ 
/me  of  its  double. 


RULE. 

As. the  radius  is  to  the  cofine  of  any  arch,  fo,,is  twice  the  fincJ. 
of  that  arch  to  the  fine  of  its  double. 


EXAMPLE 

Required  the  fine  and  cofine  of  two  degrees^  the  fine  of  i*- 
being  1745,  and  cofine  99985. 

Rad.      Co-finei^  "*  .^^,'*Si 

1 00000  :  99985  : :  3490  :  3489^47  natural  fine  of  2* 
3489.47-4  = 

And^ 

If  three  arches  differ  equally,  the  radius  is  to  the  cofine  of;- 
the  middle  arch  as  twice  the  fine  of  the  difference  is  to  the  dif- 
ference of  the  fines  of  the  greatefl  and  lead  arches. 

Ex.  2.  Required  the  fine  and  cofine  of  3%    the  fine  and  co^, 
fine  of  t°  and  2""  being  given. 


NATURAL  SINES,  TANGENTS. 


,6j 


lOQooo  :  99939 
3490 


3490 


8994510. 
2998 1 7 


3d  \!^m 


3487.871 10  =AL  the  dlfF.  of  the  extreme  arches. 
1745  Sine  of  1° 

5232.87 1 10     the  fine  of  3°=AF 

'The  cofine  of  which  is^EAi — AF*=99863  the  cofme  of  3** 

Ex.  3:  The  fine  and  cofme  2°  and  3°  being  jjiven,   required 
^le  fine  and  cofine  of  4°.  a    -  CSine  6g^6 

^^'  ^Co-fine 99756 

Ex.  4.  Required  the  fine  and  cofine  of  5"*,  the  fine  an.!  co- 


fme of  3*^  and  4°  being  givwn» 


Anf 


Sine  8715-4^44 
Co-fine-  99!>i9 


Ex.  5.  The  fine  and  cofine  of  4°  and  5°  being  given,   requi** 
red  the  fine  and  cofine  of  6"*  .  r  CSine  10452 

'^  (.  Co-fine  99455- 


In  like  manner,  the  fine  and  cofine  of  every  miimte-and  de- 
gree of  the  quadrant  may  be  f3und  ;  but  when  the/  calcui^ttions 
are  carried  on  the  length  of  60°,  the  fines  of  the  remaining 
arches  may  be  found  by  the  following  rule  : 

Take  the  (m^  of  an  arch  as  much  below  60°  as  the  a?ch 
•whofe  fine  is  required  is  above  ^0°,  to  w^hich  add  the  fine  of 
ihe  number  of  degrees  tliat  the  propofed  arch  exceeds  60''  j  d  t 
fum  will  be  the  fine  required. 

Ex.  6.  What  is  the  fine  of  80"  ? 

The  fine  of  60" — 20*^ =40°  is  64279 
The  fine  of  80"— 6o^=2c°  is  34202 


The  fine  of  80^ 


98481 


Ex. 
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'^     --  Ankvet's, 

Ex  7.  Required  the  fmc  of  j&^' r^<>^Wo  $ii«i^;  *>: 
8.  of  67°   14'  9^205^  jfOA 

9-  of  79'  3^'  9^3^5= ^ 

10.  of8(^°4S'  9P999    <(A 

The  verfed  fine  is  found  by  fubtra£ling  the  cofine  from.thc-^iSt' 
dius. 


'Problem  xxvil 


.5^ 


I  Itojind  the  tangent  ^nd  cotangent  of  every  minute  and  degree  of  the  . 
quadrantj  thejtnes  and  coftnes  being  given. 

The  tangent  and  cotangent  of  any-  arch  may  be  found  by  ci- 
^er  of  the  fallowing  proportions  : 

Becaufe  the  triangles  CED  and  CBAarefimilar,  CD  :  DE  ;: 
DExCA 

GA  :  AB,  therefore. =  AB,  the  tangent  of  the  arclK 

CD 
EA  ;  that  is,  the  reftangle  contained  by  the  fine  and  radius  of/ 
any  arch,  is  equal  to  the  reftangle  contained  by  the  cofine  and 
tangent  of  that  arch.    Hence, 

RULE  L 

To  find  the  tangent,  multiply  the  fine  of  anir  arch  by  the  ra^ . 
dius,  and  divide  the  prcdu^i  by  the  cofine,  the  quotient  will  be  . 
the  tangent  of  that  arch. 
The  cotangeni:  of  any  arch  maylje  found  upon  the  fameprin- 

LExCF    ' 

ciplcs  :  Thus,  CL  :  LE  :  :  CF  :  FK ;  therefore, =FK  ; 

CL 
hence, 

•  Rule  2.  Divide  the  prod u<9:  of  the  cofine  and  radius  of  any. 
arch  by  its  fine,  and  the  quotient  v.'ill  be  the  cotangent :  or. 
(which  is  the  fame  thing)  fay.  As  the  fine  of  any  arch  is  to  its 
co-fine  :fo  is  the  radius  to  the  cotangent  of  that  arch. 


It  IS  alfo  obvious,  that  AB  :  AC  :j;^^Q^|i?K,    therefore  . 

■  ACa  ,      ^       '"■"""*""       - 

=FKj-thatls  to  fay,  the  radius  is  a  itiean  proportional  be- 

AB 
I'tween  the  tangent  and  co-tangent  of  any  arch.     Hence,  the 
co-tangent  may  be  found  by  the  following  rule — 

Rule  3.  Divide  the  fquare  of  the  radius  by  the  tangent  of 
any  arch,  and  the  quotient  will  give  the  co-tangent  of  that 
arch. 

EXAMPLE  I. 

Required  the  tangent  and  co-tanger.t  of  ^o'',  the  co-fine  bc- 
ing  50000,  and  fine  86603. 

Co-fine.    Sine.  Had.     Tang,  of  60". 

•By  Rule  i.  50000  :  8660^  •- .  100000  :  173206  J^fjf. 

^  By  Rule  2.  to  find  the  cotangent. 

Sine.    Co-fine* 

86603  :  50000  :  .  looooo:  57734  co-tan.  of  60%  or  tan.  of  3c*. 
Rad.  fquared,  10000000000 

ByRuLtS3.        ^ —:=5  7 734,  as  by  Rule  2. 

tail. 'do"*  173206 

Ex.  2.  Re<juircd  the  tangent  and  co-tJingent  of  40°  30' 

^„/frang.       85407! 
•^    t. co-tang.  1 17085 
£x..  3-   Requh-ed  the  tangent  and  co-tangent  of  15°  32' 

^     TTang.        27795 
•^    i. co-tang.  359772 
^X,  4.  Required  the  tangent  and  co-tangent  of  20°  45^ 

^„^/Ta«g.        37S86 
-^    i  co-tang. -^03949 
Ex.  5.  Required  the  taiigent  and  co-tangent  of  80*^     d' 

-^   ^co-tang.    £763:2 

PROBLEM 
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PROBLEM   XXV1]I. 

^0  find  the  fie  ant  atid  co-ficant  of  any  archy  the  fine  and  iofipe  he^ 
ing  given. 

The  figure  as  in  laft  Prob. 

CD  :  CE  :  :  CA  :  CB;  or  rather  CD  :  CA  :  :  CA  :  CB  ; 
therefore  the  ret'^angle  contained  by  the  co-fine  and  fecant  of 
any  arch  is  equal  to  the  fquare  of  the  radius  :  Or  the  radius  is  a 
mean  proportional  between  the  co-rme  and  fecant  of  any  arcli. 
Hence  tl:ie  fecant  is  found  by 

RULE  r. 

Divide  the  fquare  of  the  radius  by  the  co-fine  of  any  archj 
and  the  quotient  will  gi^^e  the  ftcant  of  that  arch. 

Rule  2.  Divide  the  fquare  of  the  radius  by  the  fine  of  any 
^ch,  the  quoti;;nt  will  be  the  co- fecant  of  that  arch. 

EXAMPLE   L 
Required  the  fecant  and  co-fecant  of  60* 

By  Rule  L 

iSq.  rad.  tooooocooco 

=  200000  fecant  of  66* 

Ca-Sne  of  60"^         50000 

By  Rule  IL 

Rad.  fq.  looooooccoo 

:z-  r  r  C469  co-fecant  of  60* 

Sine  of  60°  86603 

Secants  may  alfobc  calculat;r  i  ■  '1-T.  Euclid,  if  the  radius 
and  tangents  are  given.     Thus,  l.;  i']u;tTcs  of  the  tangent 

aud  radius  together,  and  the  fqu^i  ''  their  funi  wiii  be 

the  fecant.  ^  ' 

f'  Ex. 
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Ex,  2.  Required  the  fecant  and  co-fecant  of  24°   13' 

-'*  I  co-fee.    243789 
Ex.  3.  Required  the  fecant  and  co-fecant  of  20®  35' 

^r  (Sec.       106819 
'^  "[co-fee  284438 
Ex,  4.  Required  the  fecant  and  co-fecamt  of  10°  o' 

^^^rSec.      ioT^^4a4 
^    (^ co-fee.   575  87 1 
Ex.  5«  Required  the  fecant  and  co-fecant  of  35°  40' 

^.CSec    123089 
•^    (^co-icc.  171505 

PROBLEM.     %.84. 
X^Jind  the  arms  oflunes^  or  the  Jpace  included  hetiveen  the  inter- 
feeling  arches  of  tivo  circles.  " 
RULE. 
Find  the  areas  of  the  two  fegments  which  form  the  lunc,  and 
their  difference  will  be  the  area  of  the  lune. 

EXAMPLE  I. 

The  length  of  the  chord  AB  is  80,  the  height  DC  20,  and 
BE  8,  required  the  area  of  the  lune,  AEBCA. 
AD  =40 
AD^=ri6oo 
DE^=    64 

Sq.  chord  f.  arch,  AEB   1664(40.792 
16 


807)6400 
5649 


8149)75100 

73341 


81582)175900 
1 63 1 64 


1 2716  &c» 


40-7^2 
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40.792 


40-79^ 
13-597 

54-389 
80 


134-389 

8  verl.  fine* 


1075.112 
4 


Scg.  AEB  430-044& 


AD*=i6oo 
DCi=  400 


ACi=2eooC44.72| 
16 

84)  400 
'    33^ 


887J6400 
6209 


8942)19100 
17884 


89441)121600 
89441 


32159.  &c. 

44-7SI. 
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m 


44.721 
It 

44.721 
14-907 

59.628 
80 

139.628 

20  verf  finei 


2792.560 
.4 


1 1 1 7. ©240  area  of  ACB. 
430  044B  of  AEB.  ♦ 

686  9792  area  of  Lune. 

Ex.  2'  The  chord  Is  20,  and  rerfed  fines  10  and  2.  Requi- 
red the  area  of  the  lune.  ^nf-  128.522. 

Ex.  3.  The  length  of  the  chord  is  48,  and  the  heights  of  the 
fegments,  18  and  7*     What  is  the  area  ?  jinf.  405.8676 

Note.  If  femicircles  be  defcribed  on  the  three  fides  of  aright- 
angled  triangle,  as  diameters,  then  will  the  triangle  be  equal  to 
the  two  lunes  on  the  legs,  taken  together. 


^a 
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MENSURATION  OF  SOLIDS. 


Definitions. 

1.  DoLiDS  are  figures  that  have  length,  breadth,  and  thick- 
iiels.    ' 

2.  The  boundaries  of  folkis  are  fuperficies* 

3.  A  folid  angle  is  that  which  is  made  by  the  meeting  of 
more  than  two  plane  angles  in  the  fame  point,  and  which  are 
not  in  the  fame  plane. 

4.  Similar  folids  are  fuch  as  have  their  angles  fimilar,  and 
which  are  contained  by  the  fame  number  of  fimilar  planes. 

5.  A  cube  is  a  folid  contained  by  fix  equal  fquares.   Fig-  S3. 

6.  A  parallclopipedon  is  a  folid  having  fix  re£l:angular  fides, 
every  oppofite  pair  of  v/hich  are  equal  and  parallel  each  to  each. 
Fig,  86. 

7.  A  prifm  is  a  folid  whofe  fides  are  parallelograms,  and  is 
either  triangular,  fquare,  pentagonal,  &c.  according  to  the  fi- 
gure of  Its  end.  Fig»  87. 

8.  A  cylinder  is  a  round  folid,  whofe  bafcs  are  equal  circles. 
Fig^  88. 

9.  A  pyramid  is  ^  folid,  whofe  bafe  is  a  plane  figure,  and  its 
fides  triangles,  whofe  vertices  meet  in  a  point,  called  the  vertex 
of  the  pyramid,  and  is  either  triangular,  fquare,  pentagonal, 
hexagonal,  &c.  according  to  the  figure  of  its  bafe.    Fig.  89. 

10.  A  cone  is  a  pyramid,  having  a  circular  bafe,  and  is  de- 
fcribed  by  the  revolution  of  a  right-angled  triangle  about  one 
of  its  legs.  It  is  either  right-angled,  acute-angled,  or  obtufe- 
angled,  according  as  the  revolving  leg  is  equal  to,  greater,  or 
Ick  than  the  other.     Fig.  90. 

II.  the 
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11.  T^he  fixed  leg  is  called  the  axis  of  the  cone. 

12.  A  fphere,  or  globe,  is  defcribed  by  the  revolution  of  a 
femicircle  about  its  diameter  j  the  centre  and  diameter  of  the 
fphere  are  the  fame  as  thofe  of  the  revolving  femicircle,  Fig,gi, 

13.  A  fegment  of  any  folid  is  a  part  cut  off  the  top  by  a 
plane  parallel  to  the  bafe.  The  fruftum  of  a  folid  is  that  part 
which  remains  after  the  fegment  is  cut  off.  Fig.  92. 

14.  The  prifmoid  is  a  folid  refembling  the  fruftum  of  a  py- 
ramid, having  parallel  bafes,  anid  thefe  bafes  both  redlangles, 
"but  difproportional.    Fig.  93.     '' 

1 5.  A  zone  is  that  part  of  a  fphere  between  two  parallel 
•iplanes.  Fig.   94. 

PROBLEM  L    Fig.  85. 

^0  Ji?jd  the  fuperjldes  of  a  cube 

RULE. 

V[ultiply  the  area  oJF  one  of  its  fides  by  63  and  the  produ^ 
Xvill  be  the  area  of  ihe  cube. 

EXAMPLE  1. 

Required  the  fuperficies  of  a  cube,  whofe  fide  is  14  Inches. 

14 
14 

— 

196  area  of  one  of  the  fides. 
6 

11^6  Anf, 

Ex»  2.  How  many  fquare  yards  are  in  the  fuperficies  of  a 
cube,  whofe  fide  is  5  \  feet  ?  Anf.  20  fq,  yds,  i^  feeo. 

Ex. 
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Ex.  3.  How  many  fquare  feet  are  in  the  fuperficies  of  a 
tube,  whofe  fide  is  18  inches  ?  Anf.  I'^t  fq'fiit. 


PROBLEM  ir. 

*To.Jind  thefoUdity  of  a  cube. 

RULE. 

Multiply  the  length,  breadth,  and  thicknefs  continually,  and' 
the  product  is  the  folidity. 

EXAIV'IPLE  L 

What  is  the  folidity  of  a  cube,  whofe  fide  is  8  feet  I 

8 
8 

8 

Anf  5 1 2  folid  feet- 
Ex.  2.  Required  the  folidity  of  a  cube,  the  fide  being  15  feet 

Ex.  3.  Required  the  folidity  of  a  cube,  whofe  fide  is  3 -J  yards. 

A^f  ^4'^2Si2^  CUP.  yds, 

Ex.  4.  How  many  yards  digging  are  in  a  cubical  cellar  12 
feet  deep  ?  A?!/  64  cub.  yds. 

Ex.  5.  How  many  folid  yards  are  in  a  cubic.il  cellar,  whofe 
fide  is  10  feet  ?  Anf.  37,--,  cub.  yds.*. 
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PROBLEM  III. 

^ofmdthefupeffidesofaparallelopipedQny  or  prtfm^  and  of  the 
cylinder. 

RULE. 

Multiply  the  perimeter  of  the  end  by  the  length  -,  to  the  pro- 
du£fc  add  twice  the  grea  of  the  end,  and  the  fum  will  be  the  fu- 
perficies. 

EXAMPLE  I. 

Required  the  fuperficies  of  a  parallelopipedon,  whofe  length 
is  72  feet,  breadth  3  feet,  and  thicknefs  2  feet. 

2+2=4  3 

3+3=6  J. 

|o  perimeter,  6  area  of  one  end. 

720  12  area  of  both  ends. 

12 

732  feet. 

Ex.  -2.  Required  the  furface  of  a  parallelopipedon,  whofe 
length  is  72  feet,  breadth  5,  and  depth  4  feet. 

j^nf  133^575'.  y^tf/. 

Ex.  3.  What  is  the  fuperficies  of  a  parallelopipedon,  whofe 
length  is  15,  breadth  6,  and  thicknefs  4  inches? 

Afif.  1  feet  5  inches. 
Ex.  4.  Required  the  furface  of  a  triangular  prifrn,   whofe 
length  is  10  feet,  and  fides  3,  4,  5  feet.  Anf.  132  Feet. 

Ex.  5.  Required  the  fuperficies  of  a  prifm,  when  the  length 
^s  32^  feet,  and  the  end  a  pentagon,  whofe  fide  is  6^  feet 

Jnf.  1150.037 
Ex. 


jj6  MENSURATION 

Ek.  6.  "What  is  the  fuperficies  '^f  a  hexagonal  prifm,  the  ndo^ 
being  lo  inches,  and  the  length  20  feet  ? 

J»/.  103.6084375/^./^^/. 
Ex.  7.  Required  the  convex  *  furface  of  a  cylinder,  whofe;^ 
diameter  is  10  inches,  and  length  i^f  feet. 

Jnf.  3T.961fq.feet, 
Ex.  8.  Required  the  fuperficies  of  a  cylinder,  whofe  length; 
U  20-^  feet,  and  diameter  of  its  end  5;^  feet. 

Jnf  378.660975/^./^^^ 

PROBLEM  IV. 

^.ojind  tbefolidity  of  a  parallelopipedony  a  prifm ^  or  of  a  cylinder,. 

RULE. 

Multiply  the  area  of  the  end  by  the  length,  and  the  produ£ki 
-vjrill  be  the  folidity. 

EXAMPLE   L 

Required  the  folidity  of  a  parallelopipedon,  whofe  length  1%. 
20  feet,  breadth  18  inches,  and  thicknefs  8  inches. 


20 

I 

0 
6 

length, 
breadth* 

thicknefs. 

JQecimally. 

.6  thickftefs. , 

20 
10 

0 

33 
66 

30 

0 
8 

1. 00  area  of  the  &nd^ 
20 

20         o  Anf.  ap-oo  Anf 

20=: 

^When  tlje  convex  furface  is  req,uircd,  the  ajcaof  bo^  cpdi  i»  ©.n^ittcij 
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F.         By  ReduBion. 
20  =  240 
8 

1920 
[8 


377 


15360 
1920 


1728)34560(20^^^/  Anf, 


Ex.  2.  Required  the  folidity  of  a  parallelopipedon,  whole 
length  is  45  feet,  breadth  i  o  feet,  and  depth  5  f  feet. 

Anf.  2475  cubic  feet. 

Ex.  3.  Required  the  folidity  of  a  parallelopipedon,  whofe 
three  dimenfions  are  304,  4|-,  and  2  feet. 

Anf.  2?>^^  folid feet. 

Ex.  4.  What  is  the  folid  content  of  a  parallelopipedon,  whofe 
length  is  25,  breadth  3,  and  thicknefs  2  feet  ?  Anf.  150. 

Ex.  5.  Required  the  folidity  of  a  triangular  prifm,  whofe 
length  is  lof-  feet,  one  fide  of  its  triangular  bafe  being  14  inch- 
es, and  the  perpendicular  falling  upon  it  from  the  oppofite 
angle,  10  inches.  Anf.  $fcet,  1  ttich  '^  parts. 

Ex.  6.  Required  the  folid  content  of  a  pentagonal  piifm, 
whofe  length  is  20  feet,  and  fide  10  feet.     Anf  3440.95  y^^'/. 

Ex.  7.  The  fame  dimenfions-being  given,  required  the  folidi- 
ty of  an  odlagonal  prifm.  Anf  <^6^6.'^^/\  cubic  feet. 

Ex.  8.  On  the  fame  fuppbfition,  required  the  folidity  of  a 
decagonal  prifm.  '         Anf  \ii%%.i\\  folid  feet. 

Notey  From  the  foregoing  examples  it  is  evident,  that  the 
nearer  the  figure  of  the  bafc  approaches  to  a  circle,  the  greater 
will  the  folidity  be. 

A  a  Ex. 

\ 
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Ex.  p.  Required  the  folklity  of  a  cylinder,  the  diameter  of 
its  bafe  being  15  inches,  and  length  14  feet. 

Jfif.  1 7. 1  80625  cubic  feet. 

Ex.  10.  What  is  the  folidity  of  a  pillar  60  inches  diameter, 
and  56  feet  high  ?  yf/^.  1099.56  cubic  fewt^ 

PROBLEM  V. 

*To-Jlrid  the  fuperfichss  of  any  pyramid  or  cone. 

RULE. 

Multiply  the  primeter  of  the  bafe  by  one  half  of  the  flant  al- 
titude, to  the  produci:  add  the  area  of  the  bafe,  the  fum  will  be 
the  fuperficies. 

The  reafon  of  this  rule  is  obvious :  For  if  the  bafe  of  the  py- 
ramid be  any  rectilineal  figure,  each  of  the  fides  will  be  trian- 
gles, whofe  altitude' is  the  fame  vi^ith  the  flant  altitude  of  the 
pyramid. 

It  is  alfo  plain,  that  the  convex  furface  of  a  cone  is  the  fee- 
tor  of  a  circle,  whofe  radius  is  the  flant  altitude,  and  arch  the 
circumference  of  the  cone's  bafe. 

EXAMPLE  1. 

Required  the  fuperficies  of  a  right  cone,  whofe  diameter  of 
its  bafe  is  10  feet,  and  flant  altituxle  36  feet. 

3.1416  ,  .7854 

10  100 


3i.4'i6  circumference.  78.54  areabafe. 

1 8-  half  the  flant  altitude. 


251328 
3Mi6 

565  48a 

78.54 


644.028  fuperficies.  Ejc. 
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Ex.  2.  Required  the  furface  of  a  fquare  pyramid,  the  fide  of 
the  bafe  being  30  inches,  and  llant  altitude  6  ftet. 

Ex.  3.  If  the  fide  of  the  pentagonal  bafe  be  10  inches,  and 
the  llant  altitude  5  feet,,  required  th^i  furface  of  the  pyramid. 

Arf.  1 1. 6 1  \i\f(l  feet. 
Ex.  4.  What  is  the  fuperficies  of  a  hexagonal  pyramid,  whofe 
fide  is  15  inches,  and  flant  altitude  4  feet  ? 

Anf,  19.0594875/^. /Ir/. 

PROBLEM  VL 

^ofindthejoluiityofaconey  or  any  pyram'uL 
RULE. 

Multiply  the  arsa  of  the  bafe  by  *,  the  perpendicular  alti- 
tude, and  the  produdl  will  be  the  folidity. 

JNote.  Any  pyramid  is  the  third  part  of  a  prifm  of  the  f^.me 
bafe  and  altitude  :•  Alfo  a  cone  is  equal  to  one-third  the  circura- 
fcribing  cylinder. 

EXAMPLE  I. 

Required  the  folidity  of  a  pentagonal  pyramid,  whofe  per- 
pendicular altitude  is  60,  and  fide  8  feet. 

1.720475  tabular  area  of  a  pentagon. 
64  fq.  of  the  fide. 

6881900 
10322850 

1 10. 1 10400  area  of  t!ie  bafe. 

-  20  one  third  the  perp.  aft. 


2202.208000  folidity  of  the  pyramid. 

A  a  2  Ex. 
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Ex.  2.  What  is  the  folidity  of  a  cone,  whofe  flant  altitude  is 
96  inches,  and  diameter  of  its  bafe  20  inches  ? 

Anf,  9998.45616  cubic  inches, 

Ex.  3 .  Required  the  folidity  of  a  cone,  whofe  perpendicular 
height  is  5  feet,  and  diameter  of  its  bafe  i6  inches. 

Anf.  2'22'jl  cuhic  feet. 

Ex.  4.  Required  the  folidity  of  a  triangular  pyramid,  its 
height  being  14^  feet,  and  the  three  fides  of  its  bafe  12,  14, 
10  feet.  Anf,  284.13716 


PROBLEM  VII. 

^ofind  the  fuperficies  of  the  frujlum  of  a  concy  or  any  pyramids 

RULE. 

Add  together  the  primeter  of  both  ends,  and  multiply  one 
half  the  fum  by  the  flant  altitude,  to  the  produdl  add  the  area 
of  both  ends,  and  the  fum  will  be  the  fuperficies. 

EXAMPLE  I. 

Required  the  furface  of  the  fruflum  of  a  fquare  pyramid,  the 
fides  of  the  lelTer  and  greater  ends  being  14,  and  24  inches,  and 
flant  altitude  2  feet  3  inches. 


l^X 
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14X4=56  the  perimeter  of  the  lefler  end. 
24  X  4=96  the  perimeter  of  the  greater  end. 

2)152 

76  half  the  fam  of  the  perimeters.  142=1  pa 

27  flant  altitude.  24^=576 

532  in 

^52 

2052  product. 
772  area  of  both  ends. 


I44)2824(i9.6t 
144 

1384 
1296 

88c 
864 


160 

144 
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Ex.  2.  Required  the  furface  of  the  fruftum  of  a  cone,  the  &U 
ameter  at  the  greater  end  being  10,  at  the  lefler  6  feet,  and 
flant  altitude  I5t  feet.  Anf.  ^^6.'^']2'ii  fq.  feet. 

Ex.3.  What  is  the  furface  of  the  fruftum  of  a  pentagonal 
pyramid,  its  ijant  altitude  being  140  inches,  and  the  fides  of  the 
ends  20,  and  30  inches  ?  Anf.  i27'°59^fTfi^^' 


PROBLEM  VIIL 

Tofnd  thefolidity  of  the  frujlum  of  a  ccne^  or  any  pyramid. 

RULE 


i8i  MENSURATION 

RULE  I.  * 

Add  into  one  fum  the  area  of  both  ends,  and  the  mean  pro- 
portional between  them  j  multiply  the  fum  by  J  the  perpendi- 
cular height,  and  the  product  will  be  the  folidity. — This  rule 
ferves  whether  the  frullum  be  of  a  cone  or  pyramid*  The 
three  following  applies  to  the  fruftum  of  a  cone. 

Rule  2.  To  the  product  of  the  two  diameters  add  -j  the 
fquare  of  their  diiFerence,  multiply  the  fum  by  the  height,  and 
this  produ6l  again  by  .7854  for  the  folidity. 

Rule  3.  To  three  times  the  fquare  of  half  the  fum  of  the 
two  diameters,  add  the  fquare  of  half  their  difference ;  multi- 
ply the  fum  by  f  the.  height,  and  this  produdt  ag^ain  by  '7854, 
the  laft  produ6t  will  be  the  folidity.  , 

Rule  4.  Add  the  fquares  of  the  two  diameters  to  their  pro- 
duct ;  this  fum,  multiplied  by  .7854,  and  ag?in  by  y  the  height, 
will  give  the  folidity. 

EXAMPLE  L 

Required  the  folidity  of  the  fruftum  of  a  cone,  whofe  height 
is  20  inches,  the  greater  diameter  32,  and  lefTer  24  inglies. 

By  Rule  L 
32 


1024 

4096 

5120 
8192 

7168 

8o4.249(?  area  of  the  greater  bafe. 

24 


*  Fhe  fruftum  of  any  pyramid  or  cone  is  equal  to  th*;c  complete  pyramids 
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^^3 


24 
M 

96 

ii. 

"5,6 

■7854 

2304 
2880 
4608 
4032 

452.3904  area  o£  the  lefler  bafe. 


804.2496  X452.3904=3<^3834-798243  84        And 
^3<^3834'79824384=:6o3.i872  mean  proportional- 


804.2496 
603.1872 
452.3904 

ii  I  r 

1 859. 8272  fum. 

20  height. 


3)37196.5440 


12398.8480  folidity. 


By 


or  cones  of  the  fame  altitude  with  the  fniflum,  whereof  'the  greatefl  of  the 
three  has  its  bafe  equal  to  the  greater  bafe  of  the  fruftum  ;  the  leaft  has  its  bafe 
equal  to  the  lefs  bafe  of  the  frjiilum,  and  the  other  a  mean  proportional  bn- 
tween  them. 


iU  MENSURATION 


By  Rule  IL 

32  '               32 

24  24 

128  8  difF. 

64  8 

768  3)64 

21'^  21.3 

789-3 
20 


15786.6 


15786.5 
-7854 

631466 

7893333 

126293333 

I 105066666 

12398.84800  Jnf,  as  before. 

By  Rule  III. 

32 
J4 

2)56 
28  half  the  fum. 

32 
24 

2)8 
4  half  the  difF. 


28 
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28 
28 

224 

jl 

784  fq.  half  the  fum. 
3 

2352 

i6fq.  halfdiff. 

2368 

20 


185 


3)473<^o 

15786.(5 
.7854 

631466 

7893333 
126293333     _ 
1105066666 

1 2398.84800  ^nf,  as  before^ 
By  Rule  IV. 

24*=  576  fq.  lefs  diam. 
32^=1024  fq.  greater  diami 
24X32=  768  their  produ^. 

2368 


Bli 


2368 
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^368 
.7854 

9472 

1 1840 

18944 
1657^ 

1 

18598272 

6.6  = 

f  the  heyght. 

111589632 

6199424 

6199424 

1 2398.8480  Jnf  as  above. 

Ex»  2.  What  is  the  folidity  of  the  fruftum  of  a  cone,  its 
height  being  50  feet,  the  diameter  at  the  greater  end  20,  and  at 
the  lefs  end  10  feet  ?  ^nf.  gi6'^folidfeet. 

Ex.  3.  Required  the  folid  content  of  the  frullum  of  a  cone, 
the  altitude  being  9,  the  greater  diameter  4,  and  the  lefTer  2. 

Anf.  65.9736. 
Ex.  4.  Required  the  folidity  of  the  fruftum  of  a  cone,  whofe 
height  is  38  inches,  the  diameters  being  16,  and  9  inches. 

^'j/^  47 85- 1804. 
Ex.  5.  What  is  the  folidity  of  a  log  of  wood,  whofe  bafes  are 
fquares,  their  fides  being  10  and  15  inches,  and  length  18  feet? 

Anf.  19.7916 
Ex,  6.  What  is  the  folidity  of  the  frnflum  of  a  hexagonal  py- 
ramid, the  height  being   12   feet,   the  fide  of  the  greater  end  3 
feet,  and  tlie  lefler  2?  Anf.  197.453472^2'^/. 

Ex.  7.  Required  the  content  of  the  fruftum  of  an  octagonal 
pyramid,  its  height  being  20  feet,  the  fides  of  its  bafes  i©  and 
6  feet  refpe^lively.  Anf.  6309.144^)1  cubic  feet. 

Ejf.  8.  Required  the  folidity  of  a  mad,    17  feet  diameter  at 

the 
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the  greater  bafe,   and  i  foot  at  the  le^Ier,  its  length  being  72 
fibctr  Anf.  89.5356  cubic fieU 

PROBLEM' IX. 

^ofind  thefoltdity  of  the  prifmo'id, 

EULE  L  ■ 

To  the  areas  of  the  two  ends  add  four  times  the  area  of  the 
middle  fedlion.  Multiply  the  fum  by  the  height,  and  ^  the  pro- 
duct will  be  the  folidity. 

Rule  2.  To  the  longed  fide  of  the  leiTsr  bafe  add  half  the 
longed  fide  of  the  greater  bafe,  and  multiply  the  fum  by  the 
breadth  of  the  lefit;r  bafe  ;  referve  this  produ£l:. 

Again  :  To  the  longeft  of  the  greater  bafe  add  half  the  long- 
ed fide  of  the  lefTer  bafe,  and  multiply  the  fum  by  the  breadth 
of  the  greater  bafe  ;  .and  to  the  produti  add  the  produtl  for- 
merly referved ;  multiply  this  fum  by  the  height,  and  y  the 
product  will  give  the  folidity.  - 

EXAMPLE  I. 

Required  the  folidity  of  a  quadrilateral  prifmold,  of  which 
the  diorted  and  longed  fides  of  the  greater  bafe  are  20  and  \6 
fleet,  and  the  correfponding  fides  of  the  lefler  bafe  12  and  i« 
feet,  the  height  being  40  feet. 


By  Rule  L 


20 
16 


3  20  greater  bafe, 
10 
12^ 


120  lefler  bafe. 

Bbai 


^Q-f 
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20+12=32  and  —  is  16 


a6 
10+16=26  arid—  is  13 


48 
16 


208  area  of  mid*  fod. 
4 

320 
120 


1272 
40 

6)50880 


8480  folidity  in  Cubic  feet. 


By  Rule  IL 

1 2  the  longeft  fide  of  the  lefT^r  bafe. 

1  o  half  the  longeft  iide  of  the  greater  bafi^ 

22 

1  o  the  breadth  of  the  lefler  bafe. 

220  referred  nmmber. 


Again, 

20  the  longeft  fide  of  the  greater  bafe, 
6  half  the  longeft  fide  of  the  IciTer  bafe. 

*    26 

16  breadth  of  the  greater  bafe. 

416 


416' 


JDS. 


Xg(>. 


416 

220 

6^ 

3)25440 

8480  cubic  feet  as  above* 

Ex.  2.  Required  the  folid  content  of  a  trough,  in  tl^e  form 
of  a  prifmoid,  whofe  greater  bafe  is  24  inches  by  30,  and  lefler 
l?afe  20  inches  by  24,  the  depth  being  18  inches.  Anf,  10728. 

Ex.  3.  What  is  the  content  of  the  hopper  of  a  mill,  4  feet  by 
5  at  the  greater  bafe,  and  1 2  inches  by  i  o  at  the  lefler,  it5 
depth  being  4  feet  I        Anf.  57408  foHd  inches,  or  33.2  feet^ 

PROBLEM  X. 

To  find  the  folidity  of  a  wedge.* 
RULE. 

Multiply  the  fum  of  twice  the  length  of  the  bafe,  and  thc^ 
length  of  the  edge  by  the  produ6l:  of  the  height  of  the  wedge 
into  the  breadth  of  the  bafe,  and  ^  of  the  lafl  produ6t  will  be 
tlie  folidity. 

"Mote.  When  the  length  of  the  bafe  is  equal  to  that  of  the 
edge,  the  wedge  is  equal  to  one  half  a  prifm  of  the  fame  bafe 
and  altitude. 


EXAMPLE  I. 

How  many  folid  feet  are  in  a  wedge  whofe  bafe  is  2  feet 
%  inches  long  and  4f  inches  broad,  its  perpendicular  height  be- 
in^  14  inches,  and  the  length  of  the  edge  j  foot  9  inches  ? 


»^a^  MENSURATION 


F.        L 

2           8 
12 

14  height. 
4t  breadth. 

32 

1^ 

2 

7 

64  twice  the  length  of  the  bafe*. 
2 1  the  length  of  the  edge* 

^3 

^5 
63 

255 

510 

^)53S5 

' 

8y2t 

PROBLEM  XI. 

^bjind  the  fuperficies  of  a  fphefe^ 

RULE  L 

Multiply  the  circumference  by  the  diameter,  and  th^  pro'ducfc 
will  be  the  furface  :  Or, 

Multiply  the  fquare  of  the  diameter  by  3. 141 6  for  the  fur- 
fate. 

Rule  2.  Multiply  the  fquare  of  the  axis  by  .7854,  and  four 
times  the  produd  will  be  the  fuperficies.. 

EXAMPLE  I. 

How  many  fquare  inches  will  cover  a  globe  of  6  inches  dia- 
naeter  ? 


l^oic,  4  times  the  area  of  a  great  circle  of  a  fphere  is  equal 

to  its  furface. 

By 


XXF  SOLIDS. 
%  Rule  L 
Q.1416 

i 

18.8496  the  circumference. 
6  the  diameter. 


%^ 


f» 


iktif  ,1 1 3 .0976  fqT  inches. 
•-/'    *  ,  •  '*^yRuLEir.* 

:  ■  .7854 

36  fq.  diam. 

47 1 H 
23562 


28.2744  area  of  a  great  circl^. 

>      4 

Anf.  113.0976  as  above. 

Ex.  2.  Required  the  furface  of  a  fphere,  whofe  dinmeter  is 
5  feet  6  inches.  Anf.  95.0334/^.  feet, 

Ex.  3.  What  is  the  furface  of  a  ball,  whofe  diameter  is  i 
inch  .''  Anf.  3 . 1 4 1 6  inches. 

Ex.  4.  How  many  inches  will  cover  a  globe  of  1 2  inches  di- 
ameter .^^  ^;//I  452.3904. 

Ex.  5.  Required  the  furface  of  a  globe  of  18  inches  diameter* 

Anf  ^.06^6  fq.  feet, 

Ex.  6.  Required  the  fuperficies  of  the  terraqueous  globe,  itj 
diameter  being  7958  mjles.  And  if  only  one  fourth  part  of  its 
furface  be  dry  land,  and  two  acres  fufficient  to  produce  food  for 
one  perfon,  how  many  perfons  can  live  on  the  earth  at  one 
time? 

r  198956786.58247^.  iwles. 
Anf   ^/\()i'7^^i^6.6/\^6  dry  land. 

C   15916542927 /)^?ys/2j-. 

l^oie,  A  fquare  mile  contains  640  acres. 

PROBLEM 


[ic^  MiENSURATlOM^ 

PROBLEM  Xir. 

'Tofind  the  folidtty  of  a  fphert. 

RULE  L 

Multiply  the  cube  of  the  diameter  b3|.5a35,  and  the  pro- 
du£l  will  be  the  folidity.  *^   ^ 

Rule  2.  A  globe  may  .'be  confiderec}  as  cfflipofed  of  an  in- 
finite numbei  of  cone«,  whofe  bafes  are  in  thej^urface  of  the 
fphere,  and  common  vertex  in  the  centre  ;  therefor^  tht  foli- 
dity  of  the  globe  may  be  found  thus  : — Multiply  its  furface  by 
^  the  diameter,  and  the  produdi:  will  give  the  folidity. 

Rule  3.  Find  the  folidity  of  a  cylinder,  of  equal  diameter 
and  altitude  with  the  globe,  and  \  the  refult  will  give  the  foli- 
dity of  the  globe. 

EXAMPLE  r. 

Required  the  folidity  of  a  globe,  whofe  diameter  is  50  inch^ 

I  By  Rule  L 

SO 

5^ 


es. 


2500 
5^ 


125000  cube  of  the  axis. 
.5236 

4        — 

75000a 
375C00 
250000 
625000 


65450.0000 

By 
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By  Rule  IL 

•   2500 
3.1415 

15708000 
61832 

7854.0000  furface. 
50 


193 


<5)3927oo 


65450  Anf. 

By  Rule  IIL 
SO 

2500 
.7854      . 


3927000 
157Q8 

1963.5000 

50 


98175.0000  folid  cylin. 
2 

3)196350 

65450  Anf.  as  above. 

Ex.  2.  Requited  the  foHdity  of  a  fphcre  of  10  inches  diame- 
.-  ter.  Anf.  523.6 

K      Ex,  3.  Required  the  content  of  a  fphere,  whofe  diameter  is 
25  feet.  Anf  %\%\\  cubic  feet. 

Cc 
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Ex*  4.  What  is  the  folidity  of  a  fphere,  whofe  diameter  is  5     • 
feet  I  inch?  Anf.  15.3483  cubic  feet, 

Ex.  5.  Required  the  foHdity  of  a  globe,  its  diameter  being  8 
feet  4  inches.  Anf»  303.6092. 

Ex.  6.  How  many  folid  miles  are  in  the  terraqueous  globe, 
its  diameter  being  7958  miles  ?        Anf  26388301 7937. 1232. 


PROBLEM  Xllt. 

^0  find  the  furf ace  of  any  zone,  or  fegment  of  n  fphere. 

RULE. 

Multiply  the  circumference  of  a  great  circle  of  the  fphere  by 
the  fegment's  height,-  and  the  product  will  be  the  fuperficies. 

EXAMPLE  I. 

Required  the  luperficies  of  a  zone,  whofe  height  is'3  inches^ 
the  diameter  of  the  fphere  being  12  inches* 

3.141(5 
12 


37.6992  circumference. 

3  the  zone's  height. 

113.0976  Anf  in  fquarc  inches. 

Ex.  2.  Required  the  furface  of  a  fegment  of  a  fphere,  whofe 
Kcight  is  I  foot  9  inches,  the  diameter  being  5  feet. 

Anf  27.489/^. /^;?^ 

Ex.  3.  How  many  fquare  inches  will  cover  a  fegment,  whofe 
height  is  I  inch,  the  diameter  of  the  fphere  being  3  inches  ? 

^;y:  9.42487^.  iWjfx. 

PROBLEM 


OF  SOLIDS.  195 

PROBLEM  XIV. 

Xo  find  the  folidity  of  a  fpherical  fegment,. 
RULE  L 

From  the  trcple  product  of  the  diameter  of  the  fphere,  mul- 
tiplied by  the  fquare  of  the  fegm^nt's  height,  fubtraft  twice  the 
cube  of  the  height,  ancj  the  remainder,  multiplied  by  .5236, 
will  give  the  folidity. 

Rule  2.  To  thrice  the  fquare  of  the  radius  of  the  fegment*s 
bafe,  add  the  fquare  of  its  height ;  then  multiply  the  fum  by  its 
height,  and  the  produdt  again  by  -5236,  the  laft  produ61:,  is  the 
folidjty. 

EXAMPLE. 

Required  the  folidity  of  a  fpherical  fegment,  whofe  height  is 
%  inches,  and  the  radius  of  its  bafe  16  iijches. 


By  Rule  I. 


16    AE 
\6 


8)256 

32=EF 
8=CE 

•     4o=CF 
3 

1 20  treple  prod,  of  diameter* 
64  fq.  oi  the  fruft.  height. 

480 

720 


7680 


Cc  2 


7^80 


196  MENSURATION 

By  Rule  IL 

7680  16 

1024=2X8^  16 


66^6  96 

.5236  16 


'  39P3<^  256 

19968  3 

13312  — 


33280       .  758i=3AE^ 

64=  CE^ 

3485.0816  folid  inches,        -.— - 

832 
.  *  ^8=  CE 


6656 
♦5^3^ 

3993^ 
19968 

13312 
33280 

3485.08  i  6  folid  inches  as  before, 

Tlx.  2.  Required  the  folidity  of  a  fegment,  whofe  bafe  dia-« 
meter  is  100,  and  its  height  13.5  inches. 

^nf  54302.75235  adic  inches. 
Ex.  3.  How  inany  folid  miles  are  in  either  frigid  zone,   the- 
height  being  329  miles,  and  diameter  of  its  bafe  3168  miles  ? 

Jnf.  1 3 1 5  7665 1 2  folid  miles. 

PROBLEM  XV. 

To  find  the  folidity  of  the  middle  zone  of  afplotv'e. 
RULE  L 

When  the  ends  are  unequal,  add  into  one  fum  the  fquarcs 

of  the  radii  of  both  ends,  and  \  the  fquare  of  the  zone's  height ; 

'  ■  multiply 
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multiply  the  fum  by  the  height,   and   the  product  again  by 
1.5708  for  the  folidity. 

Rule  2.  From  the  folidity  of  the  whole  fphere,  fubtra^  the 
folidity  of  the  fegments  ABC  and  DEFj  the  remainder  is  the 
folidity  of  the  zone. 

Rule  3.  Add  into  one  fum  twice  the  fqiiare  of  the  fphercV. 
diameter,  and  the  fquare  of  the  diameter  of  the  zone's  bafe  \ 
divide  this  fum  by  3.8197,  and  multiply  the  quotient  by  th^ 
zone's  height ;  the  product  is  the  folidity. 
EXAMPLE  I. 
Required  the  folidity  of  the  middle  zone  of  a  fphere,  whofe 
diameter  is  80  inches  ;  the  diameter  of  the  zone's  bafe  being 
48,  and  height  64  inches. 

By  Rule  L 
•   24  - 

24 

ii 


1152 


2517.3 
64 

1 00693 
15 1040 

161 109.3 

12888746 

112776533:^ 

8055466666 

161 10933333 

253070.5:4080  y//;/^. 


By 


i^i  MENSURATION 

By  Rule  II. 

8o*=5i2ooo 

>  3072000 
1536000 
1024000 
2560000 

a68oc)3.2ooo  foHdIty  of  fpliej^ 
15012.6592 

253070.5408  Anf. 

80  diameter. 
64  zone's  height. 

2)16 

8  feg.  height. 

80 

240 
<>4=8a 

960 

1440 

353<^o 
1024=2  X  8*- 

i433<^ 
•523^ 

86016 

43008 
28672 
71680 

7506.3296  folidity  of  one  feg* 
2 


1 50 1 2.6592  folidity  of  both  fe'g. 

By 


, 
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By  Rule  III. 

%0 

80 

6400 

2 

12800 
2304 

-       48 
48 

384 
192^ 

2304  fq.  dlam. : 

3.8197)15104 

3954.24 
64 

1 58 1 696 
2372544 

. 

253071.36^^7/: 

4^9 


Ex.  2.  Required  the  folldity  of  a  zone,  whofe  greater  diame- 
ter is  2  feet,  the  lefs  i  foot  4  inches,  and  the  height  i  foot  8 
inches.  AnJ.  10723.328  mches. 

Ex.  3.  What  is  the  folid  content  of  a  zone,  whofe  height  is 
30,  and  end  diameters  60  and  40  inches  } 

Anf.  75398.4  cuhic  inches. 
Ex.  4.  What  is  the  foHdity  of  a  zone,    whofe  height  is   8 
inches,  and  diameter  of  tlie  ends  12  inches  "i 

Anf,  1 172  8-54  cuhic  inches. 

PROBLEM  XVI.    Fig.  ^6. 

*Tofind  the  area  of  a  circular  fpindle. 

RULE. 

Multiply  the  length  of  the  fpindle  by  the  radius  of  the  re^ 
Volving  arch  -,  again  multiply  the  diftance  between  the  centre 
of  the  revolving  arch  and  the  ccntte  of  the  fpindle  by  the  length 

of 
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of  die  revolving  arch  ;  fubtra6l  this  laft  produ6l  from  the  fof-» 
mer>  and  multiply  the  remainder  .by  6.2832  for  the  fuperficies» 

EXAMPLE. 

Required  the  area  of  a  circular  fpindle,  whofe  length  is  46 
^nd  thickncfs  30  inches. 


^  AD2-f-Br)i  =  A3  the  chord  of  f  the  arch  ABC  j  that  is, 

^400+225  =  25 
ABz 

^—  =DH  and  DH-f-BD=FB  rad.  alfo  FB— BD=DF  cent,  dift* 
BD 


400 

—^  =26.6  and  26.6+16=20.83  rad.  alfo  20.83 — 15=5.83=01* 

iS  

2 

Now,  to  find  the  length  of  the  arch  : 

As  AF  =  20.83     =  1.31869 
Is  to  rad.  90  10.00000 

So  is  AD=2o  1. 30103 

To  Sine  f  arch  73°  4i'=9.98234 
2 


147°  22'  arch. 


Then  fay,  As  360'':  147°  2:  :  3.i4i6x4i-<^  :  53-58  leng.  of  arch* 
Or  thus : 

25 


200 
40 


3)160   - 

53.3|^the  arch  nearly. 


28.83 


OF  SOLIDS. 

28.83 

40 

53-58 
583 

83333 
312.55 

42864 
26790 

520.783 
6.2830 

312.550 

104(566 

15623500 

416626666 

104 1 566666 

31247000000 

201 


3272.1858400  fquare  inches. 

Ex.  2.  Required  the  number  of  fquare  inches  which  will  cover 
9  circular  fpindle,  whofe  length  is  80  and  thicknefs  16  inches  ? 

Jfi/.  2747.3166336. 

Ex.  3.  Required  the  area  of  a  circular  fpindle,  whofe  length 
is  f2,  and  thicknefs  9  inches.  u^nf.  294.2621  fq.  inches. 


PROBLEM  XVIT. 

Xojind  the  folidity  of  a  circular  fpindle* 

Multiply  the  area  of  the  revolving  fegment  by  4-  the  diftancc 
between  the  centres  of  the  arch  and  fpindle,  fubtra£l:  the  prc- 
du61:  from  .f  the  cube  of  half  the  length  of  the  fpindle,  then 
multiply  the  remainder  by  4,  and.  this  produdt  again  by  3.1416 
for  the  folidity.     8ee  the  lajl  figure. 

EXAMPLE  L 

Required  the  area  of  a  circular  fpindle,  whgfe  length  is  60 
and  diameter  45. 


Dd 


AD 


ioi  MENSURATION 

AD*  =900 

BD      225 

22.5 

62. 5  diam. 
31.25  rad. 

22.5 

8.75  central  dift. 


^BD  -f  ADi  =  AB  =  '^506.25+900  =  37.5- 
37.5  chord  half  arch.    , 


300.0 
60    chord  whole  arch. 

80  the  length  of  the  arch. 

31.25  rad. 

80.  length  of  the  arch. 


2)2500.00 


1250      the  area  of  the  fe(^or  AFCB. 
p. 75  X  30=  ^62.5    the  area  of  the  triangle  ACF, 

9^87.5    the  area  of  the  rev.  fegm.  ACB;. 
4.375   the  half  the  central  diit.  DF. 

49375 
69125 
29625 

29500 


43^0.3125 


60 


^F  SOLIDS. 

30  half  the  fpindlci 

900 

_3o 

3)27000 

Qooc  one-third  cube  4-  fpindle. 
4320.3125 


ao3 


4679.6875 


1 87 1 8.7500 

1123125000 
187187500 
748750000 
I871875C0 

561572500 

58806.82500000  folidlty. 

Exi  2.  Required  the  folidity  of  a  circular  fpindle,  whofe 
length  is  30,  and  thicknefs  22^  inches.      Anf.  7350.853125. 

Ex.  3.  Required  the  folidity  of  a  circular  fpindle,  whofe  mid- 
dle diameter  is  3!^,  and  length  40  inches. 

i!C)^A  xc^j^^  'A^--^  Anf.  29919-^  cubic  inches, 

'"'"    -:-      PROBLEM  XVIII. 
To  fnd  the  folidity  of  the  middle  -zone  of  a  circulaf  fpindle, 
RULE* 

From  the  foutth  part  of  the  fquare  of  the  length  of  the 
v.hole  fpindle,  fubtra61:  f  the  fquare  of  half  the  length  of  the 
middle  fruftum,  and  multiply  the  remainder  by  f  the  length 

of 
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of  the  fruftum :  Multiply  the  central  diftance  by  the  revolving 
area  which  generates  the  fruftum ;  then  fabtra£l  this  latter 
product  from  the  forriier,  and  multiply  the  remainder  by 
3.1416,  and  tvi^ice  the  produft  will  be  the  folidity* 


EXAMPLE  t. 

Required  the  folidity  of  the  fruftum  of  a  circular  fpindic, 
whofe  length  is  40,  greateft  diameter  36,  and  leaft  16  inches. 

Draw  EG  parallel  to  mn,  then  EF  (hall  be  equal  f  mn,  =26 

and  EF*+FB»=EB»=5oo  chord. 
EB»        500 

—     =   ■ —  50  diameter  of  the  generating  circle. 

FB  10 

Hence  rad.  BD  =  25 

and  25 — -18  =    7  the  central  dift. 

AL»=AD*—LDa=625— -49=576 
EF=4oo  =         .         .  133.3 

3        3  442.6 

2© 


8853.3  firft  produa. 


BE 


O^  SOLIDS.  ^t; 


BE        lo        I 
2DB       50        5 

its  tabular  feg.N  >.  -11 1823 

and  50*  =  .  250^5 

55911500 
223646 

Area  of  fcg.  EGB  =        279.55750Q 
iiiExEG=8X4o  =         320 

"Gener.  area  E  m  n  G  =     599.557500 

7 


4196.902500  fecond  product. 
8853-33333    firftprodud. 


4656.43083 
3.1416 

2793858500 
465643083 
18625723333 
465643083.33 
1396929250 

14628.63310000 
t 

29257.26621200  folidity. 


Ex.  2.  Required  the  folidity  of  a  "circular  fpindle,  whofe 
length  is  40,  its  greateft  diameter  32,  and  leaft  24  inches. 

j^nf.  27287^  cubic  inches. 


PROBLEM 


wa6 


MENSURATION 


PROBLEM  XIX. 

^0  find  the  fuperficies  and  folidity  of  the  five  regular  or  Platonic 
bodies^ 


RUL^. 

Multiply  the  fquare  of  the  given  (ide  into  the  correfponding 
tabular  area  for  the  fuperficies.     And 

Multiply  the  cube  of  the  given  fide  by  the  proper  tabular  fo- 
lidity,  for  the  folidity  of  the  given  body. 


Names. 

Containing  fides. 

Area. 

Solidity. 

Tetraedron 

Hexaedron 

0£laedron 

Dodecaedron 

Icofaedron 

4  equilateral  trian. 
6  equal  fquares 
8  equal  equi.  lat,  tri. 
1  2  equal  pentagons 
20  equal  equilat.  tria. 

1.732051 
6. 

3.464102 

20.645729 

8.660254 

0.1 17851 
r. 

0.471405 
7.6631 19 
2.181695 

This  table  exhibits  the  area  and  folidity  of  any  of  the  above 
bodies,  the  fide  being  unity.' 

The  areas  of  the  above  figures  are  fo  related  to  tliofe  of  re- 
gular polygons,  and  their  folidities  to  problems  already  treated 
of,  that  u^e  fliall  leave  the  conftrudlion  of  the  table  for  the  ex- 
ercife  of  the  learner. 


EXAMPLE  L    Fig.  97. 
Required  the  area  atid  folidity  of  a  tetraedron,  whofe  fide  is 


30- 


3° 
3° 

90® 


OF  SOLIDS. 

1.732052 
900 

tabular  area. 

1558.846800 

3? 
30 

900 

3^ 

furfacet 

27000 
1 17851 1  tab. 

folidity. 

ZO% 


31809797000  folidity. 

Ex.  2*  Required  the  fuperficial  and  folid  content  of  a  hexae^ 

dron,  whofe  fide  is  6.    Fig.  98.  j  r  C  Superficies  216 

'^'  ^Solidity       216 

Ex.  3«  Required  the  area  and  folidity  of  an  odlraedron,, 
whofe  fide  is  3.  Fig.  99.  j  .  ("Superficies  31.176918 

'^*  (^ Solidity     12.7279215 

E^:.  4.  Required  the  fuperficies  and  folidity  of  the  icofaedron, 

whofe  fide  is  2.     Fig.  100.  j  ^  C  Superficies  34.641 

,  ''-'•[Solidity       17.1535 

Ex.  5.  Required  the  fuperficies  and  folidity  of  a  dodecae- 

dron,  the  fide  being  4.    Fig.  10 1.    ^>,C Surface     33-03312 

^"^*  ^Solidity  139.62848 

PROBLEM  XX.   Fig.  102. 

*ToJind  thefurface  and  folidity  of  a  cyliiidric  ring. 

RULE 

Multiply  the  circumference  of  the  ring  by  its  length  for  tlie 
fuperficies. 

Multiply  the  area  of  a  fe£l:ion  of  the  ring  by  the  curve,  for 
the  folidity, 

EXAMPLE 


2oS  MENSURATION 

EXAMPLE  I. 

Required  the  farface  and  folldity  of  a  cylindric  ring,  whofe 
curve  is  1 2,  and  the  diameter  of  the  ring  3  inches. 


To  find  the  furface. 
3.1416 
3 

.7854 
9 

9.4248  cir.  ring. 

12  length.                  \ 

7.0686  area  fe£lion. 
12 

113.C976  fuperficies.. 

S4.8232  folidity. 

CONIC  SECTIONS. 


A 


Cone  may  be  cut  various  ways ;  and,  according  to  the 
diiTerent  pofitions  of  the  cutting  plane,  the  five  plane  figures 
following  will  arife,  viz.  the  circle^  the  ellipfey  the  parabola^  the 
hjperholay  and  the  triangle. 

Definitions. 

r.  The  feftion  is  a  circle,  when  the  cone  is^  cut  parallel  tO; 
the  bafe* 

2.  If  the  fe6lion  is  obliquely  to  the  bafe,  it  will  form  an  el- 
iipfe.  Fig.  IC2. 

3,  If  the  plane  cut  parallel  to  one  of  the  fides,  the  fection 
■will  be  a  parabola.   Fig.  103,. 

4.  Ths 
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4.  The  fe£lion  is  an  hyperbola,  when  the  cutting  plane  meets 
the  oppofite  cone,  and  makes  another  fe<Stion  fimilar  to  the  for- 
mer. 

5.  The  fe£lion  forms  a  triangle,  when  the  plane  pafles 
through  the  vertex  and  meets  the  bafe. 

6.  The  vertex  of  any  fe6lion  is  the  point  in  which  the  plane 
meets  the  oppoiite  fide  of  the  cone. 

7.  The  tranfverfe  axis  is  a  line  drawn  between  two  vertices. 
<S,  The  centre  of  an  ellipfe  is  the  middle  point  of  the  tranf- 
verfe. 

9.  The  conjugate  axis  is  drawn  through  tlije  centre  perpen- 
dicular to  the  tranfverfe. 

I G*  The  ordinate  is  a  line  perpendicular  to  the  axis. 

1 1 .  The  abfcifla  is  that  part  of  the  axis  intercepted  between 
the  ordinate  and  the  vertex. 

12.  The  axis  of  a  parabola  is  a  right  line  drawn  from  the 
vertex,  fo  as  to  divide  the  figure  into  two  equal  parts. 

13.  The  tranfverfe  diameter  of  an  hyperbola  is  that  part  of 
the  axis,  intercepted  between  the  vertices  of  the  oppofite  fec- 
tions. 


PROBLEM  I. 

To  defcribe  an  eliipfe. 

It  is  a  known  property  of  the  ellipfe,  that  any  two  lines 
drawn  from  the  foci,  meeting  in  any  point  of  the  curve,  are  to- 
gether equal  to  the  tranfverfe  diameter.  Hence  the  following 
method  of  defcribing  an  ellipfe. 

Find  the  points  x  y  in  the  tranfverfe,  which  you  are  to  con- 
fider  as  your  foci;  there  fix  two  pins,  and  take  a  finring  equal 
to  the  tranfverfe,  and  fafien  its  ends  each  to  a  pin,  then  ftrctch 
the  tiring  with  a  pencil,  and  move  it  round  within  the  thread, 
fo  {hall  its  path  defcribe  an  ellipfe. 

E  e  .  When 


^lo  CONIC  SECTIONS. 

"When  the  tranfverfe  and  conjugate  diameters  are  given,  the 
foci  may  be  found  thus.  Draw  the  tranfverfe  AB,  and  conju^ 
gate  CD  fo  as  they  may  bife6t  each  other  at  right  angles  in  the 
point  E,  and  with  the  diftance  AE  or  EB,  and  centre  C  or  D, 
defcribe  arches,  cutting  the  tranfverfe  in  the  points  x  y,  fo 
ihall  X  and  y  be  the  foci. 

PROBLEM  II. 

To  find  the  kffgth  of  the  elliptic  curve. 

RULE. 

Muhiply  the  fum  of  the  tranfverfe  and  conjugate  diameters 
by  3.141(5,  and  half  the  produft  will  be  the  circumference 
nearly, 

EXAMPLE  L 

Required  the  length  of  an  elliptic  curve,  whofe  conjugate  is 
40  and  tranfverfe  60  feet. 


40  3'i4i^ 

60  100 


lop  2)3141.1600 

157.08     AnJ. 

Ex.  2.  What  is  the  length  of  the  circumference,  when  the 
diameters  are  30,  40  feet  ?  Afif.  log. g ^6  feet. 

Ex.  3.  Required  the  circumference  of  an  ellipfe,  whofe  tranf- 
verfe diameter  Is  20,  and  conjugate  10  yards. 

Anf.  2S2.J 44 feet. 

Ex.  4.  What  is  the  periphery  of  an  ellipfe,  whofe  axis  are 
36  feet  and  24  feet  ?  Anf  94.248. 

PROBLEM 


CONIC  SECTIONS.  ui 

PROBLEM  III. 

To  find  the  area  of  an  elUpfei        t 

RULE 

Multiply  the  tranfverfe  by  the  conjugate,  and  this  produ(Sl 
figain  by  .7854  for  the  area. 

EXAMPLE.  I. 

Required  the  area  of  an  cllipfe,  whofe  two  axes  are  30  and 
40  feet. 

40 

1200 
•7854 


942.4800 


Ex.  2.  Required  the  area  of  an  ellipfe,  whofe  Iranfverfe  and 
conjugate  are  20  and  10  .^et.  Anf.  157.08. 

Ex.  3.  Required  the  area  of  an  ellipfe,  whofe  diameters  arc 
48  and  36  yards.  Anf,   1357. 17 12. 

Eic.  4.  Required  the  area  of  an  elHpfc,  whofe  two  axes  are 
14  and  12  itQt,  Anf  131.9472. 


PROBLEM  IV. 

The  tranfverfe,  conjugate,  and  ordinate  being  given,  to  (niA 
theabfcifla. 

E  e  2  RUJUi. 
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RULE. 

As  the  conjugate 

Is  to  the  trail  fverfe, 

So  is  the  fquare  root  of  the  difference  of  the  fquares  of  the 

ordinate  and  femi-conjugate 
To  the  diftance  between  the  ordinate  and  centre. 

t^ote.  This  diftance  is  to  be  added  to  or  fubtra£l:ed  from  the 
lemi-tranfverfe,  according  as  the  abfciiTa  is  greater  or  lefs  than 
the  femi-tranfverfe. 

EXAMPLE  L 

The  tranfverfe  AB  is  60,  the  conjugate  CD  20,  and  the  or- 
dinate Fx  B.     It  is  required  to  find  the  abfcifla. 

10  8  lOQ 

10  8  64 

00  fq.  of  the  femi-conj.      64  fq.  of  the  ordinate.      36(6  root. 

As  20  :  60  :  :  6 
6 

20)360 

1 8  diftance  between  the  ordinate  and  centre. 
30  femi-tranfverfe. 

48  the  abfciffa  x  B. 
1 2  the  abfciffa  A  x* 

Ex.  2.  The  tranfverfe  90,  the  conjugate  30,  and  the  ordi- 
nate 12,  required  the  abfciflas.  Anf»  72  and  18. 

Ex.  3.  The  tranfverfe  105,  the  conjugate  35,  and  the  ordi- 
nate 14,  required  the  abfciflas.  Aiif^  84  and  21. 

«     Ex. 
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Ex.  4.  The  tranfverfe  diameter  is  3,  the  conjugate  i,  and 
the  ordinate  -^^i  required  the  abfciflas.         Anf,  4^  and  2-^0., 

PROBLEM  V. 

The  conjugate,  ordinate,  and  abfcijfa  being  given ^  to  find  the  tranf- 

verfe. 

RULE. 

Find  the  fquarc  root  of  the  difFere!3ce  of  the  fquares  of  the 
femi-conjugate  and  ordinate,  and,  according  as  the  greater  or 
lefs  obfcifla  is  propofed,  add  this  root  to  or  fubtracl  it  from  the 
femi-conjugate.     Then  ufe  the  following  proportion — 

.    As  the  fquare  of  the  ordinate 
Is  to  the  produd  of  the  conjugate  and  abfcifla. 
So  is  the  fum  or  difference,  found  as  above. 
To  the  tranfverfe. 

EXAMPLE.  L 

The  conjugate  CD  is  20,  the  ordinate  Fx  is  8,  and  the  ab- 
fcifla Ax  1 2,  required  the  tranfverfe  AB. 


10*=:I00 

8*=  64 


36(6  root  of  the  differences  of  the  fquare  of  the  fe- 
36  10  femi-conjugate.  [mi  conj.  and  crd. 


16  fum. 

As  64  :  12X20  :  :  16 

64  :  240  :  :  16 

16 


64)3840(60  the  tranfverfe. 
384 
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Ex.  2.^ The  conjugate  30,  the  ordinate  12,  and  the  abfcifii 
1 8,,  required  the  tranfverfe.  Anf,  90. 

Ex.  3.  The  conjugate  35,  the  ordinate  14,  and  the  abfcifla 
84,  required  the  tranfverfe.  Anf.  105. 

Ex.  4.  The  conjugate  i,  the  abfcifla  2-/0,  and  the  ordinate 
To 9  required  the  tranfverfe.  Anf.  3. 

PROBLEM  VI. 

^he  tranfverfe  J  ordinate^  and  abfciffa  being  given  ^  to  find  the  coti" 
jiigate% 

RULE. 

As  the  fquare  root  of  the  produces  of  the  two  abfciflas 
Is  to  the  ordinate. 
So  is  the  tranfverfe 
To  the  conjugate. 

EXAMPLE  I. 

The  tranfverfe  AB  is  60,  the  ordinate  Fx  8,  and  the  abfciflie 
12,  required  the  conjugate^ 

The  tranfverfe  60 
One  of  the  abfciflas  1 2 

The  other  abfcifla  48        As  24  :  8  t :  60 
12  8 

576(24  24)480(20  the  conjugate. 

4  40 

44)176  o 

176 


Ex. 
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Ex.  2.  The  tranfverfe  90,  the  ordinate  12,  and  the  abfciflli 
18,  required  the  conjugate  diameter.  Anf.  30, 

Ex.  3.  The  tranfverfe  105,  the  ordinate  14,  and  the  abfcifla 
84,  it  is  required  to  find  the  conjugate.  Anf,  35, 

Ev.  4.  The  tranfverfe  3,  the  ordinate  -/o,  and  the  abfciflii 
5^x0 1  required  the  conjugate.  Anf.  i. 

PROBLEM  Vir. 

Itke.ahfcilfay  tranfoerfey  and  conjugate  being  given  ^  to  find  the  or- 
dinate* 

RULE, 

As  the  tranfverfe 

Is  to  the  conjugate, 

So  is  the  fquare  root  of  the  produft  of  the  two  abfciflas 

To  the  o|-dinate. 

EXAMPLE  I. 

The  tranfverfe  AB  60,  the  abfcifTas  12,  48,  and  the  conju- 
gate ao,  require^  the  ordinate. 

12  60  :  20  :  :  24 

48  20  ^ 

576(24  60)480 

4 


44)^76 
176 


Anf.     8  the  ordinate. 


Ex.  2.  The  tranfverfe  90,  the  abfeifTa  18,  and  the  conjugate 
30,  required  the  ordinate.  Atf.  12- 

£x. 
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Ex.  3.  The  tranfverfe  105,  the  abfcifla  84,  and  the  conju- 
gate 35,  required  the  ordinate.  Anf.  14. 

Ex.  4.  The  tranfverfe  36,  the  abfcifla  28f ,  and  the  conju- 
gate 12,  required  the  ordinate.  AnJ,  4.8. 

PROBLEM  VIII. 

To  find  the  area  of  an  elliptic  fegment,  ivhofe  kafe  is  parallel  f 
either  of  the  axis, 

RULE. 

Divide  the  height  of  the  fegment  by  that  axe  of  the  ellipfe 
of  which  it  is  a  part,  and  find,  in  the  table  of  circular  fegmentf, 
an  area,  whofe  verfed  fine  fhail  be  equal  to  this  quotient. 
Then  multiply^  the  area  fo  found,  and  the  two  axes  conti- 
nually, and  the  laft  product  will  give  the  area  of  the  fegment 
required. 

EXAMPLE  I. 

Required  the  area  of  the  elliptic  fegment  ECF,  whofe  height 
is  GC  20,  and  the  axes  CD  and  AB  70  and  50. 


7o)2o.o(.2857t 

tabulaf  verfed  fine. 

140 

600 

Seg.is.185153 

560 

70 

400 

12.96071 

350 

50 

500 

648.035500  area. 

490 

10 

Ex. 


CONIC  SECTIONS.  217 

Ex.  2.  Required  the  area  of  an  elliptic  fegmeiit,  cut  off  pa- 
rallel to  the  conjugate,  at  the  diftance  of  18  from  the  centre, 
the  axis  being  60  and  20.  Anf.  134.1876. 

Ex.  3.  Required  the  area  of  an  elliptical  fegment,  cut  oiT  pa- 
rallel to  the  tranfverfe,  whofe  height  is  6,  the  diameters  being 
30  and  20.  j^nf.  118  9008. 

Ex.  4.  Required  the  area  of  an  elliptical  fegment,  cut  off  pa- 
rallel to  the  tranfverfe,  wiiofe  height  is  10,  the  diameters  be- 
ing. 70  and  50.  j^if^  391.3829* 


PROBLEM  IX. 

T^  defcrihz  a  parahoicy  the  ahfcijfa  and  ord'indte  to  the  axle  being  gi^ 

ven. 

RULE. 

Bife£l:  the  given  ordinate  BA  in  G,  join  VO,  and  draw  GD 
at  right  angles  to  VG,  meeting  the  aiis  in  D,  and  make  VO, 
OF,  each  equal  to  BD,  and  F  will  be  the  focus  of  the  parabola. 

Take  any  number  of  points,  x,  x,  ^c  in  the  axis,  and  through 
thefe  points  draw  double  ordinates  of  an  indefmite  length. 

Then  with  the  radii  VF,  Vx,  &c.  and  centre  F,  defer i be  the 
arches  c,  c,  &c.  and  through  all  the  points  of  interfeclion  the 
curve  may  be  drawn. 

Note.  The  line  cFc  is  called  tlie  parameter. 

For  other  methods  of  conJlruElkn^  See  Gunnery. 

PROBLEM  X. 

Atrj  three  of  the  four  JoUo'wing  particulars  being  given ,  viz.  any; 
hi/y  ordinates  and  their  two  ahfc'ifas^  to  find  the  fourth » 

F  f  RULE. 
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RULE. 

As  any  abfcifTa 

Is  to  the  fquare  of  its  ordinate, 

So  is  any  other  abfcifTa 

To  the  fquare  of  its  ordinate. 

EXAMPLE  L 

Let  the  abfcifla  VC  be  6,  and  its  ordinate  AC  5,  required 
the  ordinate  DF,  whofe  abfcifla  VF  is  1 2. 

6  :  25  :  :  12 
12 

6)300  and^50  =  7.071  j4f}/. 

"5^=DF* 

Ex.  2.  The  ordinates  are  6  and  8,  and  the  lefs  abfcifla  9,  re- 
quired the  greater.  Jnf.  16. 

Ex.  3.  The  ordinate  is  18,  and  its  abfcifla  27,  the  other  ab- 
fcifla is  48,  required  its  coirefponding  ordinate.  Jnf.  24. 


PROBLEM  XI. 

^$Jind  the  length  of  an  arch  »f  a  parabolic  curve,  cut  off  by  a 
double  ordinate. 

RULE. 

To  the  fquare  of  the  ordinate  add  \  of  the  fquare  of  the  ab- 
fcifla, multiply  this  fum  by  4,  and  the  fquare  root  of  the  pro- 
du£l  will  be  the  length  of  the  curve  required. 

EXAMPLE 
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EXAMPLE  I. 

Let  the  abfclfla  VF  be  4,  and  its  ordinate  DF  12,  required 
i^e  length  of  the  arch  DAVBE. 


12 

12 

144  fq.  of  the  01 
21-33 

165.33 
4 

•dinatc.  . 

the  length  of  the 

4 
4 

16  fq»  of  the  ^bfciffar. 
4 

3767 

661.33(25.7162 
4 

21-33 
arch. 

45)261 
225 

507)3633 
3549 

- 

5141)8333 
5141 

51426)319233 
308556 

514322)1067633 
1028644 

38978  &c. 

Ex.  2.  Required  the  length  of  the  curve,  when  the  abfciiTa 
is  8,  and  the  ordinate  i6.  Anf.  36.91;  r. 

Ex.  3.  Required  the  length  of  tlic  curve,  when  the  abfcifTa 
b  15,  and  ordinate  12.  Anf.  21.071. 


F  f  2 


PROBLEM 
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PROBLEM  XII. 

Xojind  the  area  (^  a  parabola,  the  bafe  a^d  height  being  given. 
RULE. 

Multiply  the  bafe  by  the  height,  and  ^  the  producl  will  be 
the  area  required. 

Note.  Every  parabpla  is  equal  to  -f  of  the  circumfpribing  pa- 
rallelogram. 

EXAMPLE  I. 

Required  the  area  of  a  parabola,  whofe  bafe  is  16,  an4 
]ieight  20. 

20 

320. 
2 

3)640 

2I3t 

Ex.  2.  Required  the  area  of  a  parabola,  whofe  bafe  is  30, 
and  height  20.  ^nf.  40c. 

Ex.  3.  Required  the  area  of  a  parabola,  whofe  bafe  is  9,  and 
height  14.  '  Jnf.  84. 

Ex.  4.  Required  the  area  of  a  parabola,  whofe  bafe  is  12, 
and  height  1 2.  ^nf.  96. 

Ex.  5.  Required  the  area  of  a  parabola,  whofe  bafe  and  alti- 
tude are  15  and  22.  ^nf.  220. 

Ex.  6.  Required  the  area,  when  the  b^fe  and  altitude  are 
3  and  4,  ^nf.  8. 

PROBLEM 
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PROBLEM  XIII. 

^0  find  the  area  of  the  frujlum  of  a  parabola* 

RULE. 

t 
Divide  the  difference  of  the  cubes  of  the  two  ends  of  the 

fruftum  by  the  difference  of  their  fquares,  multiply  this  quo- 
tient by  the  altitude,  and  \  the  product  will  be  the  area  requi- 
red. 

EXAMPLE  r. 

In  the  parabolic  fruftum  D  ABE,  the  two  parallai  ends  DE, 
AB,  are  12  and  2c,  and  the  altitude  FC  6,  required  the  area. 


1 2               20             A'B2=4co 

AB3= 

=8000 

12               20             DEi=i44 

— . 

DE^r 

=  1728 

144  fq.        400                          256 

256)6272(24.5  quo)> 

12                20 

512 

1 728  cube.  iJoGO  cube. 

1152 

1024 

128Q 
1280 

And  24.5 

6 

1470 

2 

3)2940 

980  area 

required. 

Ex.  2.  The  greater  end  of  a  fruftum  is  20;  the  lefs  10,  and 
ijieir  diftance  12,  required  the  area.  Anf.  \Z6\. 

Ex. 


222  CONIC  SECTIONS. 

Ex  3.  The  greater  end  of  a  fruftilm  is  30,  the  lefs  20,  and 
their  diftance  i  j;,  required  the  area.  Anf.  380. 

Ex.  4.  T^e  greater  end  of  a  fruftum  is 9,  tbelefs  6,  and  their 
diftance  4,  required  the  area.  Anf.  i  \\. 


PROBLEM  XIV. 

To  deferibe  an  hyperbohy  the  tranfverfe  and  conjugate  diameters 
being  given. 

RULE. 

Draw  AB  the  tranfverfe  diameter,  and  BC  the  conjugate  at 
right  angles  to  it  ♦,  bifect  AB  in  c,  and  and  with  the  centre  c, 
and  radius  cE,  deferibe  the  circle  EFDf,  cutting  AB  produced 
in  the  points  F,  f,  and  thefe  points  will  be  the  foci. 

In  AB  produced  take  any  convenient  number  of  points  x,  x, 
ScC'  and  from  F  and  f  as  centres,  and  radii  Bx,  Ax,  deferibe 
urches  interfetling  in  the  points  m,  m,  &c.  Join  thefe  points, 
and  it  will  form  the  hyperbolic  curve  required. 

Note.  If  through  the  points  E  and  D  ftraight  lines  be  drawn 
from  c,  they  will  be  the  afymptotes  of  the  hyperbola. 

Any  thre«  of  the  four  following  particulars  being  given,  to 
find  a  fourth,  viz.  the  tranfverfe,^  conjugate,  ordinate,  and  its 
abfciffa. 

PROBLEM  XV. 

.    Th^  tranfverfe  f  conjugate,  and  abfciffa  being  given,  to  find  the  or^ 

dinate, 

RULE, 
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RULE.' 

As  the  tranfverfe 

is  to  the  conjugate. 

So  15  the  fquare  root  of  the  produdi  of  the  two  abfciiTas 

To  the  ordinate. 

EXAMPLE  L 

In  the  hyperbola  GBH,  the  tranfv^erfe  is  60,   the  conjugate 
36,  and  the  abfcifla  AB  20,  required  the  ordinate. 


2BC 

DE: 

:^2BC+BAxBA  :  GA 

2BC=6o 

BA=:20 

As  60  :  36  :  :  40 
40 

80 

BA     20 

1600(40 
16 

60)1440 
Anf,     24  the  ordinate 

00 


Ex.  2.  The  tranfverfe  is  50,  the  conjugate  30,  and  the  ab- 
fciffa  i6y,  required  the  ordinate.  Ajif.'^c. 

Ex.  3.  The  tranfverfe  is  45,  conjugate  224-j  and  the  abfcifla 
15,  required  the  ordinate.  Anf.  15. 

Ex.  4.  The  tranfverfe  diameter  is  24,  the  conjugate  21,  and 
the  lefs  abfcifla  8,  required  the  ordinate.  A>if.  14. 

PROBLEM  XVI. 

The  tranfverfe y    conjugate  diameters^  and  an  ordhiaie^   hang  gi- 
veriy  te  find  the  ohfafpis. 

RULE. 
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RULE. 

As  the  conjugate  diameter 

Is  to  the  tranfverfe, 

So  is  the  fquare  root  of  the  fum  of  the  fquares  of  the  ordinate 

and  femi-conjugate 
To  the  diftance  between  the  ordinate  and  centre. 

Add  to,  or  fubtract  from,  the  femi-tranfverfe,  this  fourth 
proportional,  according  as  the  greater  or  lefs  abfcifla  is  requi- 
red. 

EXAMPLE  L 

The  tranfverfe  diameter  is  60,  the  conjugate  36,  and  the  or- 
dinate 24,  required  the  two  abfciflas. 

1 8^=324  fquare  of  the  femi-conjugate. 
24*=^'j6  fquare  of  the  ordinate. 

900(30 
00  . 


36  :  60  ::  30 
60 


36)i8oo(5;o  dill  bctvt'.  the  ordinate  and  centre- 
180    30  femi-tranfverfe. 

o    80  greater  abfcilTa. 
20  the  lefs  abfcilTa. 

The  tranfverfe  diameter  is  50,  the  conjugate  30,  and  the  or- 
dinate 20,  required  the  abfciffas,  Jnf.  66^  and  i6y. 

Ex.  3.  The  tranfverfe  diameter  is  24,  the  conjugate  21,  and 
the  ordinate  14,  require<l  the  abfciflas.  Jnf.  32  and  8. 

Ex. 
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Ex.  3.  The  tranfverfe  diameter  is  24,  the  conjugate  21,  and 
the  ordinate  14,  required  the  abfciflas.  Anf.  32  and  8. 

Ex.  4.  The  tranfverfe  diatneter  is  30,  the  conjugate  224^,  and 
the  ordinate  15,  required  the  abfciflas.         Anf  33  \  and  3^. 

PROBLEM  XVir. 

To  find  thehngth  of  an  arch  of  an  hyperbolic  curve ^  beginning  at 
the  'vertex, 

>  RULE. 

To  19  times  the  tranfverfe  add  21  times  the  parameter  *  of 
the  axis  ;  and,  to  9  times  the  tranfverfe,  add  21  times  the  pa- 
rameter, then  multiply  each  of  thefe  fums  by  the  quotient  of 
the  abfcifla  divided  by  the  tranfverfe. 

To  each  of  the  products  fo  found  add  15  times  the  parame- 
ter, and  divide  the  former  by  the  latter,  and  multiply  this  quo- 
tient by  the  ordinate,  the  produ6t  will  be  the  length  of  the  arch 
nearly. 

EXAMPLE  L  '        , 

In  the  hyperbola  GBH,  the  tranfverfe  is  160,  the  conjugate 
120,  the  ordinate  20,  and  abfcilfa  4-i->  required  the  length  of 
tlie  curve  GB.  , 

G  g  FirJ, 


*  From  a  well-known  property  of  the  hyperbola,  the  rtc'l:- 
angle  contained  by  the  tranfverfe  and  the  parameter  is  equal  to 
the  fquare  of  the  conjugate  *,  that  is,  the  conjugate  is  a  mean 
proportional  between  the  tranfverfe  and  the  parameter.  Hence 
the  following  proportion  to  lind  the  parameter  : — 

As  the  tranfverfe,  is  to  the  corijugate, 

So  is  the  eoijngute,  to  the  parameter. 


226l  conic  sections. 

Fjrjlj  To  find  the  parameter : 

As  i6o  :  I20  :  :  120  :  90  the  parameter. 


160 

160 

9 

19 

1440 
1890 

1440 
160 

3330 
.028 1 25 

3040 
1890 

16650 
6660 

493c* 
.028125 

333° 
26640 
6660 

93.656250 

1350 

24650 
9860 

4930 
43440 
9860 

1443.65625 

142.656250 

i35<^ 

M43- 

65625)3492.65625   (1.03047 
1443.65625       20 

49.OO0OOCO  20.60940  yinf 
43.!C96875 

690312500 

577462500 

1 12850000 


160 
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x6o)4.5o(.o28i25 
320 


1300 
1280 


200 
160 

400 
320 

800 
800 


90 
21 


1890 


90 
15 


1350 
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Ex.  2.  Let  the  tranfverfe  be  80,  the  conjugate  60,  the  ordi- 
nate 10,  and  the  abfcifla  2.1637,  required  the  length  of  the 
arch  GB.  Aiif.  10.3 

Ex.  3.  The  tranfverfe  is  120,  the  conjugate  72,  the  ordinate 

48,  and  the  abfcifla  40,  required  the  length  of  the  arch. 

Anf  62.6496. 


PROBLEM  XVIII. 

To  fmd  the  area  of  an  hyperbola^  the  tranfverfe^  conjugate^  and 
ahfc'iffa  being  given. 


RULE. 

To  the  produ£t  of  the  tranfverfe  and  abfcifla  add  ^  of  the 
fquare  of  the  abfcifla,  and  multiply  the  fquare  root  of  the  fum 
by  21. 


Gg2 


To 
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To  this  produ6l  add  4  times  the  fquare  root  of  the  product 
of  the  tranfverfe  and  abfcifla,  and  divide  this  fum  by  75. 

Divide  4  times  the  produft  of  the  conjugate  and  abfcifla  by 
the  tranfverfe. 

Multiply  this  laft  quotient  by  the  former,  and  the  product 
will  give  the  area  of  the  hyperbola. 

EXAMPLE  L 

In  the  hyperbola'GBH,  the  tranfverfe  is  60,  the  conjugate 
36,  and  the  abfcifla  20,  required  the  area. 


60 

20 

60 

20 

20 

^° 

1200 

400 

1200(34.641 

' 

2 

0      4 

7)2000 

64)300  13B.564 
256 

285.714285 



1200 

686)4400 
4 1 1 6 

^  1485.714285(38.544 

9       .21 

6924)28400 
27696 

68)585       38544 

544      77»88 

69281)70400 
69281 

765)4171    809.424 

3825 

1 1 19 

7704)34642 

30816 

' 

77084)382685 
308336' 

74349  ^c 


809,424 
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809.424  firft  product.  36 

138.564  fecond  produ£l,  2© 

75)947.988(12.639  720 

7_5__  4 

197                "  60)2880 

150 


48 
479  '  2.63  9 

450  •         ^ 

101112 


298  50556 

225 


730  &c, 


606.672  area  required. 


Ex.  2.  The  tranfverfe  diameter  is  50,  the  conjugate  30,  and 
the  abfcilTa  25,  required  the  area.  Anf.  805.09. 

Ex.  3.  The  tranfverfe  30,  the  conjugate  18,  and  the  abfcifTa 
10,  required  the  area.  Anf.  151,668. 

PROBLEM  XIX. 

^ofind  thefolidity  of  a  fpheroid. 
RULE. 

Multiply  the  fquare  of  the  revolving -axis  by  the  fixed  aijis, 
jind  multiply  the  product  by  .5236  for  the  folidity. 

EXAMPLE.  I. 

Required  the  folidity  of  the  prolate  fpheroid  ABCD,  the 
tranfverfe  or  fixed  axis  AC  is  45,  the  revolving  axis  DB  35. 


35 


i3a  CONIC  SECTIONS. 


35 
35 

175 

105 

'1225 

45 

fq.  of  the  revolv.  axis- 
fixed  axis. 

612  s 

4900 

' 

.5236 

330750 
^65375 

T  10250 

275625 
28863.4500 

Jf!/. 

Ex.  2.  Required  tKe  folldity  of  the  oblate  fpheroid,   whofe 

fixed  axis  is  60,  and  revolving  axis  ico.  A/if  314160. 

Ex.  3.  Required  the  folidity  of  a  prolate  fpheroid,    whofe 

fxxed  axis  is  9,  and  revolving  axis  7,  ^nf.  230.9076. 

Ex.  4.  What  is  the  content  of  an  oblate  fpheroid,   ^chofe 

asis  aie  50  and  30  ?  ^/if.  29^1^' 

PROBLEM  XX 

^^0  find  the  folldity  of  the  fegment  of  a  fpheroid. 
RULE. 

Case  L  When  the  bafe  is  parallel  to  the  revolving  axis,  mul- 
tiply the  difference  between  triple  the  fixed  axis  and  double  the 
jjeight  of  the  fegment,  by  the  fquare  of  the  height,  and  the  pro- 

dud  again  by  .5236.     Then, 

As 
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1^1 


As  the  fquare  of  the  fixed  axis 

Is  to  the  fquare  of  the  revolving  axis, 

So  is  the  laft  produd 

To  the  foUdity  of  the  fegment  required. 

Case  II.  When  the  bafe  is  perpendicular  to  the  revolving 
axis,  multiply  the  diiference  between  triple  the  revolving  axis 
and  double  the  height  of  the  fegment,  by  the  fquare  of  the 
height,  and  the  produ61:  again  by  .5236.     Then, 

As  the  revolving  axis 

Is  to  the  fixed  axis, 

So  is  the  laft  product 

To  the  content. 

EXAMPLE  I. 

Required  the  folidity  of  the  fegment  of  a  prolate  fpherold, 
the  axis  being  20  and  12,  the  height  of  the  fegment  2,  and  its 
bafe  parallel  to  the  revolving  axis. 


3 


60  triple  the,  fixed  axis. 
4  double  the  height, 

4 


224 

20944 
10472 

10472 

117.2864 


Then, 
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Then,  as  400  :  144  :  ;  1 17.2804 
144 

4691456 
4691456 
1172864 

400)16889.2416 

42.223104^/2/! 

Ex.  2.  The  axis  of  an  oblate  fpheroid  being  50  and  30,  re- 
quired the  content  of  the  fegment,  its  height  being  6,  and  its 
bafe  parallel  to  the  revolving  axis.  Anf.  4084.07. 

Ex.  3.  Required  the  folid  content  of  the  fegment  of  a  pro- 
late fpheroid,  the  height  being  5,  and  the  fixed  axis  50,  and 
the  revolving  axis  30.  Anf.  659.736. 

Ek.  4.  Required  the  content  of  the  fegment  of  an  oblate 
fpheroid,  whofe  height  is  5^  the  axis  50  and  30,  its  bafe  beings 
perpendicular  to  the  revolving  axis. 


150 
10 

140 
25 


280 


3500 
.^236 

26180 
18^2.6000 


Then, 
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*rhen,  as  50  :  30  :  :  1632.600 
3 

5')5497.8oco 

1099.56  -^ 

Kx.  5.  Required  the  con..:nt  of  the  fegment  of  ti^ie  prolate 
fpheroid,  the  fixed  axis  50,  the  revolving  30,  and  the  height  6j 
its  bafe  being  perpendicular  to  the  revolving  axis. 

Anf.  2450.418. 

PROBLEM  XXL 

To  find  th€  content,  of  the  middle  friifium  -cf  a  fphermd. 
RULS. 

When  the  ends  afe  circular,  or  parallel  to  the  revolving  axi.s» 

To  double  the  fquare  of  the  m;ddle  diameter,  '^iXf.K  the  fqu5rc 
of  the  diameter  of  one  end,  multiply  this  fum  by  the  length  of 
the  frudum,  and  this  produ61-  again  by  .a6i8  for  the  folldity. 

When  the  ends  are  elliptical,  or  perpendicular  to  the  revol- 
ving axis. 

To  double  the  produ61:  of  the  tianfverfe  and  conjuga-*^  dia- 
meters of  the  middle  fc£lion,  add  the  product  of  the  tranlVerfe 
and  conjugate  of  one  end,  multiply  the  fum  by  the  length  oF 
the  frudum,  and  the  product  again  by  .2618  for  the  content. 

EXAMPLE  L 

Required  the  folldity  of  the  middle  frudum  cf.  a  fpheroid, 
the  greater  diamxter  being  50,  thofc  of  the  ends  40,  and  length 
18. 


Hh 


Ejt* 
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5000 
1600 


52800 
6600 

1 18800 
.2618 

950400 
118800 
712800 
237600 


31 101.8400  Jfif, 


Ex.  2.  llequ'ired  the  folidity  of  the  middle  fruflum  of  a  fphe- 
toid,  the  greateft  diameter  being  60,  thofe  of  the  ends  36,  and 
the  length  80.  Jn/.  177940.224. 

Ex.  3.  Required  the  folidity  of  the  middle  fruftum  of  an  ob- 
late fpheroid,  the  diameters  of  each  end  io,  and  middle  25, 
and  the  length  9.  j^nf.  3887.73. 

Ex.  4.  Required  the  content  of  the  middle  fruftum  of  an  ob- 
late fpheroid,  the  axis  of  the  middle  ellipfe  are  50  and  30,  and 
thofe  of  the  ends  30  and  18,  height  40. 


c:© 
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23^ 


50 

30 

.3<^ 
18 

1500 

2 

.  54© 

3000 

540 

3540 
40 

141600 
.2618 

I 1328QO 
1416 
8496 

2832 

.   .      37070.8800  Avf, 

Ex.  5.  Required  the  folidlty  of  the  middle  fruflum  of  an  ob- 
late fpheroid,  the  axis  of  the  middle  elllpfe  are  25  and  15,  and 
thofe  of  the  ends  15  and  9,  height  20.  Anf.  4633.86. 

Ex.  6.  Required  the  folidity  of  the  middle  fruftum  of  a 
fpheroid,  tlie  axis  of  the  middle  fe£lion  being  100  and  60,  thofe 


of  the  ends  80  and  48,  the  length  36. 


AnJ,  149288,832. 


TROBLEM  XXII. 


To  find  the  folidity  of  an  eliiptical  fplndle. 
RULE, 

I.  From  3  times  the  fquare  of  the  middle  diameter  fubtrac^ 
4  times  the  fquare  of  the  diameter  between  the  middle  and  end  ; 
and  from  4  times  this  laft  diameter  fubtraft  3  times  the  middle 
flU^jmeter,  then  divi(ie  the  former  diiference  by  the  latter^^and  -^ 

Hh2  tlie 
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the  iffult  win   I>e  tlie   central  Hiflance,  or  dlflance  between 
the  centre  of  the  fpindie  and  centre  of  the  generating  ellipfe. 

2.  Then  find  the  axis  of  the  eliipfe  by  problem  5  and  6,  and 
the  area  of  the  fegment  which  generated  the  fpindie  by  prob- 

'km  8. 

3.  Divide  3  times  that  area  by  the  length  of  the  fpindie, 
from  the  quotient  fubtracSt  the  greatsft  diameter,  and  multiply 
the  remainder  by  4  times  the  central  diilance. 

4.  Subtracl:  this  produ£l  from  the  fquare  of  the  greatefl  dia* 
meter,  and  multiply  the  remainder  by  the  length  of  the  fpindie, 
and  that  product  again  by  .5236  for  the. folidity. 

EXAMPLE  I. 

Required  the  folidity  of  the  elliptic  fpindie  ACBD,  the  length 
AB  being  40,  the  greatsfl  diameter  CD  1 2,  and  the  diameter 
CF  at  f  the  length,  9.49546. 

I.  To  find  the  central  diftance  and  axis  of  the  ellipfe. 

4  times  EF— 37.98184     3  times  CD*=432.oooo 
g  times  CD   36  00000     4  times  EF*=36o.6546 

Difference    1.98184  1.98 184)7 1.3454(3*^=^4  CG 

J 188920    9=OG 
II 89 1 04    6=  CG 


i,-=OC 

36=  CH 

24=  GH 

6=CG 

r44=:CGxGK 

^144=12  mean  between  CG  and  GH 

Then,  as  J2  :  20  :  :  30  :  5o=IK  the  tranfverfe. 

2.  For 
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i.  Tor  the  generating  elliptic  fegment, 

CH=30)6  =:CG 

.2  tabular  verfed  fine. 
.1 1 1823  tabular  correfponding  area. 
5o=:IK  the  tranfverfe. 


5.591150 

30 


167.734500  area  of  the  generating  fegment  ABC. 
3.  To  find"  the  folidity  of  the  fpindJe., 

3 


40)503.2035 


12.5800875 
Sub.  CD        12 


.5800875 

36  four  times  centra}  di fiance. 


34805250 

17402025 


Take         20.883(500 
From       1 44 

Rem.       123.11685 
40 


4924.67400 
•S23<5 


2954804400 
14774022 
9849348 
24623370 
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Ex,  2.  Required  the  folidlty  of  an  elliptic  fpindle,  whofc 
length  is  40,  the  middle  diameter  1 2,  the  diameter  at  f  the 
length  9.49546.  -  ^nf.  2578.56. 

NoU.  The  following  rule  will  ferve  for  any  other  folid,  gene-p 
rated  by  the  revolution  of  any  conic  fe6tion. 

RULE  II. 

To  the  fquare  of  the  greatefl:  diameter  add  4  times  the  fquarc 
of  the  diameter  at  f  the  length ;  multiply  the  fum  by  the 
length,  and  the  produd  again  by  .13  for  the  folidity,  very  nca?- 

The  firft  example  wrought  as  follows ; 

9.49545 
9.49545 

5697276 
3798184 

A74773<5 
8545614 

3798184 
85459^4_^ 

90.1637606116 

4 


360.6550424464 
144 

504.6550424464 
40 

20 1 86.20 1 697  8560, 

605586050935680 
201862016978560 


Jti/i  2624.206220721280  nearly/ 


CONIC  SECTIONS.  239 

"B^.  2.  Required  the  folidity  of  the  elliptic  fpindle,  whofe 
length  is  10,  the  greateft  diameter  3,  and  the  diameter  at  -^  the 
lcngtlv3.3738<^'  ^"f-  322.32. 

PROBLEM  XXIII. 

To  find  the  folidity  of  the  middle  fruflum  or  fegment  of  an  elVtbth. 
fpindle, 

RULE. 

Add  together  the  fquares  of  the  greateft  and  leaft  diameters, 
^nd  4  times  the  fquare  of  the  diameter  in  the  middle  between 
the  two  ;  multiply  the  fum  by  the  length,  and  the  product  a- 
gain  by  .13  for  the  fohdity. 

EXAMPLE L 

Required  the  folidity  of  the  middle  fruftum  or  fegment  of  a 
fpindle,  the  length  being  20,  greateft  diameter  16,  at  the  ends 
12,  and  the  intermediate  diameter  is  i4i-» 

16         12  14.5 

16         12  14.5 

96       .144  725 

16  580 


256 


45 


210.25 
2 

420.50 
2 


841 


1S% 


54a  CONIC  SECTlONb^ 

25(5 

144 
841 

1241 

3723 
1242 

161.33 

20 


Anf.   3226.60 

Ex.  2.  Required  the  content  of  the  fegment  of  any  fpindle, 
the  length  being  10,  the  greatefl  diameter  8,  the  leaft  4f ,  and 
the  middle  6.  Anf  235*3. 

Ex.  3.  Required  the  content  of  the  iniddle  fruftum  of  an  hy- 
perbolic fpindle,  whofe  length  is  40,  the  greatefl  diameter  16, 
thofe  at  the  ends  12,  and  tliat  at  ^  the  length,  147. 

Anf  6453.3. 

PROBLEM  XXIV. 

Tojind  thefolidit'j  of  thg  parabolic  conoid. 
RULE. 

Multiply  the  fquare  of  the  bafe  diameter  by  .3927,  and  the 
product  again  by  the  height,  for  the  folidity.     Or, 

Multiply  the  area  of  the  bafe  by  ~  the  altitude,  and  the  pro- 
duct will  give  the  folidity. 

EXAlMPLE  L 

Required  the  folidity  of  the  parabolic  conoid,  whofe  height 

is  30,  and  the  diameter  of  its  bafe  20. 

2« 
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10  Or,       .7854 

20  400 


400                                       314.1600 
♦3927  »5 

157.0800  15708000 

30  3141600 

47 1 2.4000  Jrf,  47 1 2.4000  j^n/.  as  tjefore* 

Ex.  2.  Required  the  folidity  of  the  parabolic  conoid,  whofe 
altitude  is  21,  and  the  diameter  of  its  bafe  12. 

Jnf.  1 187.5248. 

Ex.  3.  Required  the  folidity  of  a  paraboloid,  whofe  height  is 
3b,  and  bafe  diameter  40.  An/.  18849.6. 

N.  B.  The  paraboloid  conoid  is  ^^  its  circutnfcribing  cylin- 
der* 


PROBLEM  XXV. 

To  find  the  fdidity  of  the  Jruftum  of  a  paraboloid. 

RULE. 

Multiply  the  fum  of  the  fquares  of  the  diameters  of  the  two 
ends  by  ♦7854,  and  this  produft  by  4-  the  altitude  for  the  foli- 
dity. 

EXAMPLE,  t. 

Required  the  content  of  the  fruftum  of  a  paraboloid,  the 
gieateft  diameter  being  30,  the  leaft  24,  and  the  altitiide  1 8. 

I  i  30 
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30*=Q00 

24*=575 

1476 
•7854 

5904 
7380 
1 1 808 
10332 

1 159.2504 
9 

io433'253<5 

Ex.  2.  Required  the  folidlty  of  the  fruftunl  of  a  paraboloid, 
the  diameter  of  the  greater  end  being  Oo,  of  the  lefs  48,  and 
length  18.  Anf.  41733.0144. 

Ex.  3.  Required  the  folidity  of  the  fruftum  of  a  parabolic 
conoid,  whofe  diameters  are  58  and  30,  and  the  height  36. 

Anf,  60281.0208, 

PROBLEM  XXVI. 

Tojind  the  folidity  of  a  parabolic  fpindle. 
RULE. 

Multiply  the  fquare  of  the  middle  diameter  by  .7854,  and 
the  produ<a  by  the  length,  and  ^y,  the  laft  produd,  will  be  the 
fohdity. 

Note.  The  parabolic  fpindle  is  equal  to  -rV*  ^^^  circumfcrib- 
ing  cylinder. 

EXAMPLE  L 

Required  the  folidity  of  a  parabolic  fpindle,  whofe  length  is 
1 8,  and  middle  diameter  6. 
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Or  rather : 

6 

.7854 

6 

3^ 

36 

47124 

.7854 

23562 

47124 

28.2744     • 

23562 

18 

28.2744 

22619^2 

18 

282744 

2261952 

3)508,9392 

282744 

•53 

508.939;^ 

25446960 

K 

1696464 

I5)407i-5i3<5(27i43424  ^^A 

271-43424  ^«/ 

30 

t 

loy 

1.95 

21 

. 

^5 

65 

60 

i.  , 

51 

\ 

IL 

63 

60 

~^ 

30 

60 

60 

V 


I  i  z  E^. 
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Ex.  2,  Required  the  folidity  of  a  parabolic  fpirtdlc,   whofe 

length  is  40,  and  middle  diameter  10.  Anf  1675.52. 

Ex.  3.  Required  the  folidity  of  a  parabolic  fpindle,   whofc 

length  is  xop,  and  middle  diameter  10.  ApJ,  16755.2. 

PROBLEM  XXVIL 

To  find  the  folidity  ofth^  middle  frufium  of  a  parabolic  fpindk. 

RULE. 

Add  into  one  fum  8  times  the  fquare  of  the  grcateft  diameter, 
3  times  the  fquare  of  the  leaft  diameter,  and  4  times  the  produ£i:, 
of  the  two  diameters  ;  multiply  the  fum  by  the  length  of  the 
Iruftun^  and  the  produft  again  by  .05236  for  the  folidity. 

EXAMPLE  I. 

Required  the  folidity  of  the  middle  frufium  of  a  parabolic 
fpindle,  the  length  being  20,  the  greateft  diameter  i6,  and  the 
Iqaft  12, 

16^=256x8=2048 

i2*  =  i44X3=  432 

16X12  =192X4=  768 

3248 
20 

64960 
.05236 


389760 
194880 
129920 
324800 

-J  ■'  ' '  III- 
3401.3056c  Jnf 

Ex. 


CONTC  SECTIONS.  24^ 

Ex.  2'  Required  the  folidity  of  the  frullum  of  a  parabolic 
fpindle,  whofe  length  is  10,  the  diameters  being  8  and  6. 

^/y:  425.1632. 

Ex.  3.  Required  the  folidity  of  the  middle  fruftum  of  a  pa- 
rabolic fpindle,   whofe  length  is  30  feet,  and  diameter  16  and 

ao.  Jrif.  8243.5584- 


SURFEITING. 


OuRvEYiNG  of  Land  is  confidered  to  have  been  the  primitive 
part  of  Geometry,  and  confifts  of  three  principal  parts,  viz. 
The  taking  of  the  dimenfions,  and  making  the  necefPary  cbfer- 
vations  on  the  ground  ; — the  laying  down  the  fame  in  a  map  or 
drawing  on  paper  or  vellum  ; — and  the  finding  the  content  or 
area  thereof. 

The  inftruments  commonly  ufed  in  furveying  of  land,  are, 
the  gunter's  chain,  a  cafe  of  inflruments,  a  fet  of  plotting  fcales, 
the  theodolite,  and  plain  table. 

The  gunter's  chain,  whether  Scots  or  Englifh,  is  divided  in- 
to 100  links.  The  Englilli  chain  is  66  feet,  and  the  Scots  74; 
confequently  a  link  of  the  Engliih  chain  is  7.92  inches,  and 
that  of  the  Scots  8.88  inches  :  likewife  the  Engliih  chain  is  di- 
vided into  4  poles  or  perches,  each  i6t  feet,  and  the  Scots 
chain  into  4  falls,  each  184^  feet.  10  fquare  chains  are  i  acre, 
either  Scots  or  Engliih  5  and  4  Scots  acres  are  nearly  equal  to 
5  Englifl^  miles. 


24^ 
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A  Table  of  Scots  Land  Meafitre. 


Sq-  links.    I     Feet. 


,407  1(5!     I            - 

Ells. 

•7t^     9tVt|       I 

Falls- 

625 

342^  1     3^ 

I 

Roods. 

2500a 

13690 

1440 

40 

I 

Acre. 

locooo  1 54760 !  5760 

160 

4 

I 

The  Scots  elwand  is  the  foundation  of  all  land-furveying  la 
Scotland,  the  length  of  which  is  37-^  inches,  when  compared 
with  the  Englifh  yard.  It  was  firft  eftablifhed  by  King  Da- 
vid I. ;  the  flandard  of  which  is  kept  in  the  Council  Chamber 
of  Edinburgh, 


A  Table  of  Englijh  Land  Meafure. 


Sq.  Unks. 

Feet. 

3  12 

I 

Yards. 

9             f 

Poles. 

62s 

272^        30^ 

I 

Roods. 

25000 

10890 

1210 

40 

I 

Acre. 

lOCOOO 

435^0 

4f^40 

160 

4 

I 

Writers 
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tVriters  on  this  fubjedl  are  generally  very  prolix  m  defcrlbing 
the  method  in  which  furveyors  take  dimenfions,  ufe  their  in- 
ftruments,  &c.  But  it  mud  be  confefledj  that  the  pratlifce  of 
a  few  hours  in  the  Held  is  preferable  to  all  the  defcription  that 
can  be  given.  We  fliall  therefore  be  very  brief  as  to  this  par- 
ticular, and  fhall  only  point  out  a  method  or  t'.vo  by  which  ah 
irregular  field  may  be  meafured,  its  plan  delineated  on  paper, 
and  its  contents  found. 

Let  the  figure  ABCDEF  Fig.  i  reprefent  a  field,  whofe  plan 
and  area  is  required. 

Firfl,  walk  over  the  field,  and  make  the  necefTary  remarks 
on  the  groimd,  and  draw  an  eye-draUght,  or  a  reprefentatiori 
of  the  field,  as  exaft  as  can  be  done  by  the  fight  of  the  eye. 

Divide  ihi^  draught  into  triangles,  rectangles,  or  trapeziasi 
as  the  figure  of  the  field  direcrs.  Erect  poles  at  the  different 
corners. 

Choofe  any  of  the  corners  A  for  your  firfl  ftatlon  *,  provide 
yourfelf  with  a  perfon  to  lead  the  chain,  and  let  him  have  10 
arrows  or  iron  pins  in  one  hand,  ainl  the  end  of  the  chain  in 
the  other.  You  take  your  flation  ar  A,  while  he  advances  the 
length  of  the  chain  towards  B.  DireCl  him,  by  waving  your 
hand,  to  the  right  or  left,  till  you  find  him  in  fo  flraight  a  line 
as  to  intercept  the  view  of  the  pole  B  :  Then  ftretch  the  chain 
at  full  length,  and  let  him  leave  one  of  the  arrows  at  the  far 
end,  as  a  mark  for  you  to  go  to.  In  the  mean  time  let  him  ad- 
vance another  chain-lerigth  tovrards  B,  directed  to  keep  in  a 
ftraight  line  as  above.  At  the  end  of  the  feccnd  chain-length 
let  him  ftick  another  arrow,  and  you  take  up  the  firfl  and  pro- 
ceed to  the  next,  where  you  are  to  (land  till  the  chain  is  again 
flretched  in  the  diredtion  AB,  and  he  put  down  another  as  a 
m?irk  ;  which  done,  you  take  up  the  feccnd,  and  proceed  to  the 
third  ;  and  fo  on,  till  you  come  to  B.  The  number  of  arrowu 
taken  up  by  you  15  the  number  of  chain-lengths  ;  and  the  dif- 

tance 
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tance  between  the  laft  arrow  and  the  pole  B  is  taken  in  littk^i 
Thus,  when  you  arrive  at  B,  you  will  have  6  arrows ;  and  therd 
are  90  links  over  which,  together  with  the  chain-lengths,  you 
are  carefully  to  mark  on  the  correfponding  line  in  your  eye- 
draught.  In  like  manner,  proceed  to  meafure  the  lines  BC, 
CD,  DE*  EF,  FA,  and  laftly  the  diagonals  DB,  DA,  and  EA. 
Or  otherwife. 

The  field  may  be  meafured  thus  : — Step  over  the  ftraight 
line  DB;  and  where  you  imagine  the  perpendicular  Cc  will  cut 
it,  fet  up  the  theodolite,  dire6ling  the  fixed  fights  in  the  direc- 
tion DB,  and  the  index  to  C  :  if  it  cuts  the  limb  of  the  inftru- 
ment  at  an  angle  of  90°,  you  have  gueiTed  right ;  but  if  it  does 
not,  go  towards  B  or  D  till  you  hit  the  point,  and  there  fix  a 
pole.  In  the  fame  manner,  find  the  point«  b,  e,  in,  the  diago*. 
nal  DA,  and  x  in  the  fl:raight  line  AF.  Then  meafure  BD, 
Cc,  DA,  Ee,  FA,  Ex. 

Mark  down  carefully  on  the  eye-draught  the  fegments  into 
which  the  perpendiculars  cut  the  lines  BD,  DA,  AF,  alfo  the 
length  of  the  perpendiculars  on  the  correfponding  lines. 

By  either  of  thefe  methods,  the  plan  of  the  field  may  be  pro- 
tracted, and  its  area  truly  call  up  as  follows : — Let  ABCDEF 
be  an  irregular  figure,  whofe  meafares  and  area  arc  required; 

AB  690  Cc=586 

BC  750  Ee=3i2f 

CD  700  Bb   597t 

DE  45a  Ex   482-1 

EF   540  DC  383 

FA  745  DB  60? 

D15  850  DE  258 

DA  950  Fx    239 

When  the  three  fides  of  each  triangle  are  given,  the  follow- 
ing method  is  the  beft  for  finding  the  area*  The  arithme- 
tical computations  being  intolerabljr  lab©riou^. 

Fir/, 
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F'lrjl^   LOGARITHMICALO 

'• 

For  the  area  DBC. 

750 

700 
850 

2)2300 

IICO 

II50 
750 

400 

1150         1150 
700           850 

1150=3.0(^070 
400=2.60206 
45o=2.6532[ 
3oo_.2.477i2 

450           300 

2)10.79309 

950 
450 

700 

2)2100 

1050 


Sq.  links  249200     =     S-Z'^^S^ 
For  the  area  DBA. 


850 

1245 

1245 

1245 

1245=3.09516 

950 

850 

950 

690 

395=2.59660 

690 

2^5=2.40982 

395 

295 

SIS 

555=2.74429 

02490 

2)10.90587 

?24S 

Sq.  links  283800     =     5.45293 
For  DAE. 


1050 
950 

100 


450 
600 


1050 
700 

350 


1050=3.02119 

100=2.00000 
600=2.77815 
350=2.54407 


2)1034341 


Sq.  links  148500     =     5-17*70 


Kk 


For 
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For  the  area  EAF. 


700         992 

i;40-          700 

745         — 

—          292 

2)1985 

992 

992 
540 

45^ 
Sq. 

992 

745 

247 
links   179S00 

992=2.99651 
292=2.46538 

452=2.65514 
247=2.39276 

2)10.50973 

=     5'254B6 

249^00 
283800 
148500 
179S00 

8.61300 

4 

^ 

8.61300 

4 

2.45200 
40 

2.45200 
40 

18.08000 
3^ 

18.08000 

3otl 

48000 
240CC 

240000 
2000 

2.880GO  242000 

In  Scots,  If  the  EngKfh  chain, 

Anf,    A.   R,  K  Ells.  A,  R.   P.  Tds, 

8     2     18     2  8     2     18     2 

It  mud  be  obfcr^'ed,  that,  in  the  ^bove  example,  the  dlmen- 
ilons  are  fet  down  in  links,  (as  being  the  bed  method)  and  not 
jn  chains  and  decimals  of  a  chain,  confequently  the  area  is 
found  in  fquare  links,  and  may  be  reduced  to  acres  by  cutting  off 
i-ire  Rgutes  towar.ls  the  rigJit  hand  for  decimals  j  thofc  remain- 
ing 
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iiig  as  an  integer  are  acres,  and  the  reft  brought  to  value  as  a- 
bove. 

When  the  bafes  and  perpendiculars  are  given^  the  following 
method  is  to  be  ufed : —  * 


For  the  area  of  DCB. 
DB=85o 
Cc     586 

of  DBA 
DA=95o 
Bb  =597t 

of  DAE. 
DA=r95o 
Ee      3124- 

5100 
6800 
4250 

2)498100 

249050 

6650 
8550 
4750 
475 

1907 
950 
2850 

475 

2)567625 
283812 

2)296875 
148437 

For  the  area 

ofEAF. 

Now  f(3ar  the  whole  field. 

FA=745 
Ex  =4824- 

1490 

• 

249058 

2S38J2 
148437 
J  7973  ^t 

5960 

2980 

372 
2)359462 

I7973I 


A.    R.    F    E 

AnJ.     8      2      17     23. 


€i6f03o 
4 

ti.44120 
40 

17.^4800 

3^ 

3888C0 

194400 


K  k  2 


23.32800 

PROBUM 
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PROBLEM  L 

'To  find  the  area  of  a  reBangular  f^eld. 

RULE. 

Multiply  the  length  by  the  breadth,  and  the  produ6t:  is  the 
area. 

EXAMPLE  L 

Required  the  area  of  a  rectangular  field,  whofe  length  is 
1920  links,  and  perpendicular  breadth  1200  links  of  the  Scots 
chain. 


I  200 

23.04000 

4 

• 

.16000 

40 

6.40000 
3^5 

' 

24OOCO 
120000 

Anf, 

A. 
23 

0 

14.40000 

F'  Ells. 
6     14 

Ex.  2.  How  many  Scots  acres  are  in  a  field  3500  links  lon^ 
and  1400  broad  ?  A/?/*  49  acres. 

.Ex.   3.  How  many  Englifh  acres  are  in  a  reClangular  field 
1400  liwks  long  and  1200  broad  }'  Anf.  16  ac  3  ro.  8  p. 

Ex. 
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£x.  4.  Required  the  content  of  a  re<Slangular  field,  the 
length  being  2000  links,  breadth  looo  links  of  the  Scots  chain. 

Anf.  20  acres. 

Ex.  5.  How  many  acres  are  in  a  fquare  garden,  whofe  fide 
is  6  chain  lengths  Englifh  ?  Anf,  3  ac.  2  ro.  16  p. 


PROBLEM  II. 

To  reduce  Scots  acres  into  Englifiy  and  vice  verfa. 


RULE  for  Englifli  acres. 

As  the  fquare  of  66 

Is  to  the  fquare  of  74, 

So  is  any  number  of  Scots  acres 

To  ihe  number  of  Englifh  acres  required. 


For  Scots  acres : 

As  the  fquare  of  74 

Is  to  the  fquare  of  66, 

So  is  any  number  of  Englifh  acres 

To  the  number  of  Scots  acres  required. 


EXAMPLE  I. 
How  many  Englifh  acres  are  in  14  acres,  3  roqds  Scots  ? 


6$ 


354 
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66 

74 

66 

74 

39^ 

296 

'39^ 

518 

435^ 

:    5476  :;  14.75^ 

547<^ 

8850 

10325 

5900 

7375 

4356)80771.00(13  acres, 

435^ 

3721 1 

34848 

2363 

, 

4 

4356)9452(2 

• 

8712 

740 
40 

4356)29600 
26136 

3464 

40^ 


103920 
866 


4356)104786(24 
8712 

17666 
17424 


J;2/,'J,     R.     P.     Tds 
^42  18   2   6   24 

Ex. 
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Ex.  2.  How  many  Scots  acres  are  in  17  acres  3  roods  Eng- 
lifli  ?  Anf   14  ac.  o  ro.  19  falls  4  ellsi 

Ex.  3.  How  many  Englifh  acres  are  in  400  Scots? 

-Anf.  502  ac.  3  ro.  19  p.  29  yds. 

PROBLEM  III. 

^0  find  the  area  of  a  triangular  field. 

If  the  bafe  and  perpendicular  are  given,  workby  Problem  5. 
«f  furfaces  ;  if  the  three  fides  are  given,  by  Prob.  7. ;  and  if  the 
two  fides  and  the  angle  contained  be  given,  by  Prob.  6. 

EXAMPLE  I. 

How  many  acres  are  in  a  triangular  field  whofe  tlnree  fides 
are  5600,  700c,  4200  links  of  the  Englifii  chain  ? 


5600 
7000 

4200 

2)16800 

8400 

8400 
5600 

2800 

8400 
7000 

1400 

84CO 

42CO 

4200 

840o=3.9242S 
2800=3.4471^ 
1400=3.14613 
4200=3.6232^ 

2)14.14082 

Sq.  links  1 1 760000     =     7.07041 


T 1 7.60000 
4 

2.40000 
_4»_ 

i6cooco 


A.    R.     P, 
4nfi      117     2      16 


Ex. 
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Ex.  2.  Required  the  area  of  a  triangular  garden,  whofe  fide 
is  6c  o,  and  the  perpendicular  falling  upon  it,  from  the  oppo- 
fitc  angle,  756  links  of  the  Scots  chain. 

756 
600 


2)453600 

2.2wB00 
A 

1.07200 
40 

2.88000 

_^^ 3f 

528000 
264000 

31.68000 


A,    R.    K    mis. 
Jnf,     2       12       31 

Ex.  3.  How  many  acres  are  in  a  triangular  field,  whofe  two 
Gdes  are  1 900,  and  1 700  links  of  the  Englilh  chain,  and  the 
angle  contained  between  them  48^  13'  ? 

1900 
1700 

1330000 
1900 

2)3230000 

1615000 

As 
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As  radius 
Is  to  Tine 
So  is  the  prodiifl  of  the  containing  fides 

To  twice  the  area  2408500 

Whereof  the  half  is  1 2.04250 

4 

.17000 
40 


90°  10.00000 

48°   13'    9.87255 

3230000     6.70920 

6.38175 


6.80000 

3^t 

2400000 
20000 

24.20000 


A.    R.    P.  Tds, 
AnJ.  12     o       6       24 


Ex;  4.  Required  the  area  of  a  triangular  field,  whofe  three 
fides  are  600,  1 000,  800  links  of  the  Scots  chain. 

Anf.  2  ac.  I  fo.  24  falls. 

Ex.  5.  How  many  acres  are  in  a  triangular  field,  whofe  bafe 
is  1900  links,  and  perpendicular  1500  links  of  the  Englllh 
chain  }  Anf.  14  ac.  i  ro. 

Exi  6.  Required  the  area  of  a  triangular  field,  wheieof  one 
of  the  angles  is  54°,  and  containing  fides  1400  and  1500  links 
of  the  Scots  chain.  Atif,  8  ac.  i  ro.  39  f.  7  ells. 

PROBLEM  IV. 

To  find  the  area  of  afield  in  the  form  of  a  irapozoid.     See  Pro1> 
lem  8.  of  furfaces. 

EXAMPLE  I. 


Required  the  atea  of  a  trapezoid,  whofe  parallel  fide^  are 

h  300O' 
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3000  and  1500  links  of  the  Scots  chain,  and  perpendicular  dif^ 
tance  1200  links. 


3000 
1500 

2)4500 

2250 
1200 


27.00000 


Anf.  27  acres. 


Ex.  2.  Required  the  area  of  a  field  in  the  form  of  a  trapo*- 
zoid,  its  parallel  fides  being  1260  and  1500  links,  and  perpen- 
dicular breadth  1000  links  of  the  Englifh  chain. 

Anf.  13  ac.  3  ro.  B  poles. 
Ex.  3.  How  many  acres  are  in  a  field  in  the  fornj  of  a  trapo- 
zoid,  its  parallel  fides  being  1000  and  1200  links,  and  perpen- 
dicular breadth  650  links  of  the  Scots  chain  ? 

Anf.  7  ac.  o  ro.  24  falis. 

/ 
'  PROBLEM  V. 

To  meafure  offfets.     Fig.  2, 

Tn  a£^ual  furveying,  it  often  happens  that  a  field  is  bounded 
by  a  iiver,  a  crooked  hedge,  &c.  in  which  cafe  it  will  be  ne- 
ceflary  to  obferve  the  following  dire£lions  : — Let  A  b  c  d  e  f ' 
reprefent  a  river  or  hedge.  From  A,  in  the  direction  of  the  ri- 
ver, meafure  the  ftraiglit  line  AB.  In  doing  of  which,  obferve 
the  bcndings  of  the  hedge ;  from  thence  meafure  the  ofF-fets 
perpendicular  upon  the  ftraight  line  AB,  and  note  them  down 
on  the  eye-draught,  or  record  them  in  a  field-book. 

Wheii  the  off-fets  are  fmall,  meafure  them  with  an  ofi^fet 

ftaif 
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ftafF  of  10  links  ;  but  when  they  are  large,  the  chain  is  more 
expeditious. 


Let  Ag  300 
Ah  400 
Ai  450 
Ak  500 
Am  620 
Ab  750 


gb  130 
ch  160 
di  162 
ek  100 
fm    78 


Here  the  figure  is  divided  into  triangles  and  trapezoids.  The 
moft  accurate  method  to  find  the  area,  is,  to  compute  the  area 
of  each  feparately  by  the  rule  for  their  proper  form,  and  the 
fum  of  thefe  will  be  the  area  of  the  whole.     Thus, 


Ag    300 
bg     130 


2)3900 
Agb  19500 


gh  ioo|        hi    50 


ch+bg  290 


2)29000 
14500 


ch-fdi  322 

2)16100 

8550 


ik    50' 
di-fch  262 

2)13100 

6550 


km  120 

2)21360 
10680 


mB  130 
1040 

QIO 

2)10140 
507Q 


19500 

14500 

8050 

6550 
10680 

507Q 

Jnf.  64350  fq.  links. 


X     R.     P.     Tds. 
o       2      22      29. 


Sometimes  fuch  a  figure  as  that  above  is  computed  by  find- 
ing a  mean  breadth,  and  reckoning  the  product  of  the  mean 
breadth  into  the  whole  length  of  the  ftation-line  AB  for  the  a- 
rea.     Thus,  jj^d  all  the  off-fet  lines  into  one  fum,  and  divide  it 

L  1  2  by 
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by  their  number,  reckoning  i  for  each  time  the  irregular  boun* 
darjr  meets  the  ftation-line,  as  at  A  and  B ;  the  quot  gives  the 
mean  breadth,  whjch,  being  multipUed  into  the  length,  produ- 
ces the  area* 

However  expeditious  this  method  may  be  confidered,  it  is 
?ilways  falfe,  except  in  the  cafe  vi^hen  the  ofF-fets  are  equi-dif* 
tant  from  each  other,  as  may  be  feen  from  the  following  com* 
putation  of  the  ^bove  figure. 


130 

750 

A. 

R.  P. 

Tds. 

160 

90 

Falfe  content  0 

1  28 

0 

162 

True  ditto       0 

2  22 

29 

100 

.67500 

_>— i 

78 

4 

Difference       0 

0     S 

It 

7)633 

2.70000 

90 

40 

?  8.00000 

PROBLEM  VI. 

Xofind,th(  area  of  an  irregular  field*     Fig.  3, 

RULE. 

Compute  the  areas  of  the  figures  into  which  the  field  is  divi  \ 
ded,  whether  triangles  or  trapeziums,  &c.  by  the  rules  proper 
for  the  feveral  figures  ;  add  the  feveral  refults  together,  and  the 
i"um  'v^iU  give  the  content. 


UX 
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Let  AB=:82o 

BC=434 
CD=86p 
DE=4oo 
EA=^53o 

£e=355 
Bb=36o 
Ex=3oo 
EC=6so 

When  the  irregularities  of  the  boundaries  of  a  field  are  nur 
meious,  it  may  not  be  improper  to  recommend  a  field-book,  in 
which  the  feveral  meafures  are  to  be  recorded,  to  prevent  con- 
fufion.  But  when  the  field  is  not  very  irregular,  all  the  mea- 
fures may,  with  equal  advantage,  be  marked  upon  an  eye- 
draught  of  the  field,  each  againft  the  correfponding  parts  of  the 
figure.  And  either  of  thefe  methods  may  be  pradifed,  v^hether 
the'furvey  be  large  or  fmall. 

There  is  no  particular  form  for  the  field-book ;  every  one 
rules  and  contrives  as  he  judges  moft  proper  for  himfelf ;  but, 
to  avoid  perplexity,  the  fimpleft  form  is  the  befl.  The  follov/- 
ing  is  a  fpecimen  of  a  method  generally  praclifed.  It  is  divi-» 
ded  into  three  columns ;  in  the  middle  is  marked  the  ftations, 
bearing,  and  diftances  m^eafured.  On  the  right  hand,  the  ofF- 
fets  are  marked  againft  their  correfponding  diflances  in  tlie 
middle  column,  together  with  fuch  other  remarks  as  occur  in 
meafuring,  fuch  as  houfes,  hedges,  ponds,  roads,  &c.  In  the 
left  hand  column  are  marked  the  inlets  againft  their  correfpond- 
ing diftances  in  the  middle  column,  and  remarks,  as  above. 

N,  B.  The  inlets  are  perpendiculars  dropt  from  fuch  irregu-' 
larities  as  fall  within  the  ftation-line.  The  area  of  which  is 
to  be  fubtraded  from  the  general  content  of  the  field. 

The  meafures  of  the  preceding  figure  may  be  arranged  in  a 
fieI4-book  as  follov/s  :-^ 


Thr 
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The  Fi eld-Book 

Inlets  and  Remarks. 

Station, 

Off-fets  and  Remarks. 

Bearing,  Diftances. 

STAIION  I. 

100 

40 

135 

60 

470 

0 

680 

0 

'7  00 

30 

820 

0 

STATION  11. 

0 

0 

220 

58 

28Q 

0  a  hedge. 

432 

STATION  III. 

O 

0 

62 

175 

62 

0 

330 

0 

400 

40 

550 

0 

700 

50 

860 

STATION  IV. 

100 

0 

220 

62  a  houfe. 

400 

0 

STATION  V. 

0 

0 

50 

.  45 

1  IQ 

55 

130 

65 

170 

50 

250 

0 

340 

63 

. 

380 

46 

440 

52 

530 

© 
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The  bearings,  diftances,  off-fets,  Sec  ought  to  be  recorded  In 
the  field-book   immediately   when  taken,   otherwife  material 
miftakes  may  be  committed*     The  field-book  may  be  made  up 
thus  :  Suppofe  A  the  firll  ftation,  and  AB  the  firft  line  meafured. 
In  the  middle  column  mark  .i  for  the  firft  ftation  ;  next  find 
by  the  theodolite  the  quantity  of  the  angle  BAE,  which  infert 
in  the  middle  column.     Then  write  a  cypher  below  to  denote 
the  ftation,  and  another  in  the  right  hand  column  to  fignify  that 
at  the  ftation  A  there  is  no  off-fet ;  and  at  the  diftance  of  i  oo 
links  from  A,  in  the  diredion   AB,  is  an  ofF-fet  of  40  links* 
Regiftcr  the  diftance  100  in  the  middle  column;  and  againft 
this  diftance,  in  the  middle  column,  write  the  oiF-fet  40  in  the 
right  hand  column.     Again,  at  the  diftance  of  135  links  from 
A,  in  the  dire6lion  AB,  is  an  ofF-fet  of  60  links  ;  mark  the  dif- 
tance 135  in  the  middle  column;  and  right  oppofite  to  135  in 
the  middle  column,  write  the  oif-fet  60  in  the  right  hand  co- 
lumn.    At  the  diftance  of  470  from  A,  in  the  direction  AB, 
the  crooked  boundary  touches  the  ftation-linc  AB  ;  in  which 
cafe  the  diftance  470  is  marked  in  the  middle  column,  and  a 
cypher  in  the  right  hand  column, '  there  being  no  ofF-fet.     At 
the  diftance  680  from  A,  the  irregular  boundary  again  deviates 
from  the  ftation-line  AB.     The  diftance  680  is  marked  in  the 
middle  column,  and  the  cypher  at  the  riglit-hand  fide,  as  above. 
At  the  diftance  of  700  links  from  A,  is  an  off-fet  of  30  links ; 
mark  thefe  as  above.     LaJ/y,    Mark  the  whele  length  of  the 
line  AB  850,  then  draw  a  ftroke»     In  like  manner  mark  B  .2, 
alfo  tlie  angle  ABC ;  and  proceed  to  meafure  BC  as  above  *, 
and  fo  on,  till  all  the  boundaries  are  meafured. 

If,  in  planning  the  field,  the  direclion  EA  does  not  pafs 
through  the  point  A  with  the  meafured  diftance  EA,  fome  er- 
ror has  been  committed,  and  the  work  muft  be  revifed  ever  a- 
gain.  It  may  fave  much  trouble  to  know  whether  the  miftake 
his  arifen  from  the  angles  or  from  the  diftances  :  If  tlie  angles 
are  right,  the  diftances  alone  are  to  be  meafured. 

Ta 
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To  know  if  the  angles  have  been  accurately  taken,  ad^  all 
the  inward  angles  into  one  fum  -,  and  when  the  work  is  right, 
their  fum  is  equal  to  twice  as  many  right  angles  as  the  figure  has 
fides,  wanting  4  right  angles,  (Euclid  31.  1.  Cor.  i.)  Or,  in- 
Itead  of  the  inward  angles,  their  fupplements  may  be  added  in- 
to one  fum  ;  and  if  it  is  equal  to  360°,  the  angles  have  been  ta- 
ken right,  (Euclid  31.  i.  Cor.  2.)  becaufc  all  the  exterior  angles 
of  any  rectilineal  figure  are  together  equal  to  4  right  angles. 

Few  direClions  for  planning  may  ferve  for  any  one  who  has 
fcudied  and  underftands  .the  ufe  of  his  inftruments.  It  may, 
indeed,  be  neceflary  to  mention,  that  all  plans  of  furveys  ought 
to  be  laid  down  fo,  as  the  north  fide  may  ly  towards  the  top  of 
the  paper,  the  eafl  towards  the  right  hand  fide,  the  weft  to  the 
left,  and  the  fouth  to  the  bottom.  Likewife  it  is  cuftomary  to 
draw  a  meridian  line,  with  2.  f^oiuer-de-luce  directed  to  the  top 
of  the  map  or  plan,  to  point  out  the  north* 

When  the  plan  of  rifing-ground  is  to  be  made  out,  the  hy- 
pothenufal  lines  muft  be  reduced  to  a  level,  otherwife  the  plan 
will  be  diftorted  ;  and  when  a  mountain  is  to  be  reprefented  on 
a  plan,  the  bafe  only  is  taken  j  and  in  computing  its  content, 
as  well  as  in  planning  it,  this  fiiould  be  confidered,  that  the 
bafe  of  the  mountain  will  contain  as  many  growing  trees  as  its 
furface  *. — We  fliall  fubjoin  a  table  for  making  the  necefla- 
ry deductions  to  reduce  hypothenufal  lines  to  a  level ;  and 
thefe  allowances  may  be  made  immediately  when  meafured, 
before  the  meafures  are  recqrded  in  the  field-book,  or  when 
the  plan  is  to  be  protracted. 


*  This  may  appear  a  paradox  to  fome,  who  perhaps  never 
obferved,  that  trees  grow  perpendicular  to  the  horizon',  or 
parallel  to  each  other. 
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JIT  ABLE /or  reducing  Hypothenufal  Lines  io  a  Level,  from 


Degrees  of 
Inclination. 

G 
0 

1 

Level. 

P  = 

J 

1 

Level. 

Degrees  of 
Inclination. 

- 

3 

«     Level. 

P 

r 

0 

IOC 

16" 

39 

96.1 

3'° 

^•3  85.7 

2^ 

.1 

99.9 

17^ 

4.4 

95.6 

32° 

15.2I84.8 

3^ 

.1 

99.9 

.8^^ 

4.9 

95  I 

33° 

i6.r;83  9 

4^ 

.2 

99.8 

'9° 

5-5 

94-5 

34° 

17.T  82.9 

5° 

.4 

99.6 

CLO° 

6.0 

94.0 

0  r-O 

1 8. 1  81.9 

6° 

•5 

99-5 

'21° 

6.6 

93-4 

36° 

19.1  80.9 

•    T 

7- 

99-3 

22° 

7-3 

92.7 

37° 

20.1  799 

8^ 

I.O 

99.0 

23^ 

7.6 

92.4 

38° 

21.2'  78.8 

9^ 

1.2 

98.8 

24° 

8.0 

92.0 

3?° 

22.3j  77-7 

\o' 

1-5 

98.5 

25^ 

8.6 

91.4 

40° 

23  4  76.6 

11° 

1.8 

98.2 

26^-' 

9.4 

90.6 

4'° 

24-5 

75-5 

11^ 

2.2 

97.8 

27° 

1 0.1 

89.9 

42° 

25-7 

74.3 

13° 

2.6 

97-4 

28^ 

10.9 

89.1 

43° 

26  9 

73-1 

14' 

3-0 

97.0 

29° 

1 1.7 

88.3 

44°. 

28.  J 

71.9 

15^ 

3-4 

96.6 

So^ 

13-4 

86.6 

45° 

29-3 

70.7 

3M 
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In  fhc  foregoing  table,  we  have  the  allowance  to  be  made 
for  every  chain-length,  from  i°  to  45°.  To  reduce  an  inclined 
field  to  a  level,  let  it  be  required  to  find  the  dedudion  on  10 
chain-lengths,  upon  a  declivity  of  24°.  Againft  24°  in  the  co- 
himn  of  degrees,  we  have  8  in  the  column  of  deductions  ;  that 
is,  92  links  on  the  level,  wPiich,  multiplied  by  10,  gives  920 
links  j  and'  fo  on  of  the  reil. 

The  ftraighteft  line  that  can  be  meafured  by  the  chain  is,  for 
various  reafons,  longer  than  the  true  quantity ♦  All  decimals  of 
links  fhould,  therefore,  be  neglected;  and,indeed, a  moderate  and 
judicious  allowance  fliould  be  made  on  integers  themfelves,  ex- 
cept when  the  ground  is  fmooth  and  plain. 

The  area  of  the  above  figure  is  computed  as  fallows  :  Fig.  3. 

Tor  the  triangle  ABK  For  the  triangle  BEC. 

820  650 

4100  39000 

4100  1950 


2460 

2)29tIOO 

345550  fq.  links* 


2)234000 


1 1 7000 


Eor  the  triangle  ECD. 

860 
300 

2)258000 

1 29000 


To 
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^uTfind  the  ofF-fcts  on  the 

nrft  ftatlon-line  AB. 

lOO 

60 

140 

40 

40 

30 

2)4000 

100 
'35 

2)4200 

2000 

2)13500 
6750 

2100 

To  find  the  area  of  the  ofF^fetj 

,  on  the  fecond  line  BC, 

280 

# 

58 

2240 

1 
\        _ 

400 

2)16240 

8120 

To  find  the 

area  of  the  ofF-fets  on  CD. 

220 

310 

40 

50 

2)8800 

2) 

15500 

4400 

7750 

267 


To  find  the  area  of  the  ofF-fets  on  DE, 


300 
62 


2)18600 


9300 
Mm  2 


fo 
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To  find  the  area  of  the  off-fets  on  EA. 


50 

45 

55 

6k 

80 

^'3 

46 

46 

45         55 

-Jl 

50 

50 

QO 

63 

52 

)22:50;         100 

120 

115 

2)4000 

2)5670 

109 

98 

!     60 

20 

40 



■ 

40 

60 

1125!   

2000 

2B35 

2)6000 

2)  240c 

2)4600 

2  4360:2)5880 

3000 

1    1200 

2300 

• 

2180 

2940 

52 

90 

2)4680 

2340 

# 

3  find  the  ink 

ts  on  CD. 

330 

4  145550 

62 

The  triangles,  -J  1 1 7000 

< 

^ 1 29000 

660 

2000 

1980 

6750 

2 100 

272  c.;  60 

8120 

10230 

4400 

7750 
9300 

The  off-fets, 

<      1125 

3000 

1200 

2300    , 

2000 

2835 

2180 

2940 

.     2340 

451^90 

/ 

Inlet 

5 

10230 

j^fif.     441660  in  fq.  links. 
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4.416^0 
_4 

1.66640 
40 

26. 656C0 
3f 

393600 
196800 

23.61600 


AnJ.  4        I 
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PROBLEM  Vir, 


Of  the  Plain  Table. 

The  plain  table  confifts  of  a  plain  rectangular  board  of  any 
convenient  fize,  fitted  in  a  frame  of  wood,  fo  as  it  can  be  taken 
out  or  put  in  at  pleafure  for  the  convenience  of  putting  a  flieet 
of  paper  upon  it. 

One  fide  of  the  frame  is  divided  into  degrees  for  the  purpofe 
of  taking  angles  j  the  other  is  ufually  divided  into  equal  parts 
for  drawing  lines  on  the  table,  either  parallel  or  perpendicular 
to  the  fides. 

The  plain  table  is  provided  with  an  index,  either  with  open 
fights,  or  a  fmall  telefcope  :  And  that  edge  of  the  index,  which 
is  in  the  fame  plane  with  the  fights,  is  called  ^^  fiducial  edge. 

A  magnetic  needle  and  compafs  is  fixed  in  one  fide  of  the 
plain  table,  to  point  out  the  direction.  It  is  fixed  to  a  ftand  of 
a  convenient  height,  and  moves  upon  an  univerfal  joint,  by 
which  means  it  will  incline  in  any  dire(Slion,  and,  being  fcrew- 
ed  faft  in  the  focket,  it  will  retain  any  fituation  given  it. 

The  plain  table  is  one  of  the  moft  expeditious  inftruments 
furveyors  ufe  j  for  no  fooner  are  the  different  angles  taken,  and 

the 
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the  diftances  marked  on  the  plain  table,  than  a  plan  of  the  field 
is  obtained  :  and  this  may  be  done  by  taking  a  ilation  within 
the  field,  or  by  choofmg  one  of  the  corners  for  a  ftation,  or  o- 
therwife  by  going  round  the  field. 

I.  By  taking  a  ftation  within  the  field — • 

Let  ABCDEjK^.4.be  a  field,  and  O  an  eminence  within  the  field. 
Plant  the  table  at  O,  and  fcrew  it  with  the  needle  north.  Mark 
O  upon  your  paper,  and  apply  the  index  to  O,  directing  it  to  the 
corner  A,  till  through  the  fights  you  fee  A  j  then  draw  an  ob- 
fcure  line  along  the  fiducial  edgs  of  the  index  to  reprefent  the 
direftion  OA.  Then  turn  the  index,  till  through  the  fights 
you  fee  B,  and  draw  an  obfcure  line  from  O  along  the  fiducial 
edge  of  the  index  to  reprefent  the  dire£l:ion  Oli  In  like  man- 
ner, apply  the  index  fucceflively  to  O,  turiiing  it  round  with  the 
fights  to  the  remaining^angles  C,D,Ej  drawin;^the  obfcure  lines 
OC,  OD,  OE ;  then  with  the  chain  meafiire  the  ftraight  lines 
OA,  OB,  OC,  OD,  OE,  and  mark  the  refults  upon  the  cbrre- 
fponding  lines  on  the  table.  Join  their  extremities  AB,  BC, 
CD,  DE,  EA,  and  the  thing  is  done. 

When  the  plain  table  has  degrees  marked  on  it,  the  quantity 
of  the  angles  may  be  marked  immediately  whefir  t;?ken  ;  other- 
wife  they  may  afterwards  be  meafured  from  a  line  of  chords  or 
protractors — and  the  area  found,  as  taught  above. 

2.  When  from  one  of  the  angles  all  the  reft  may  be  feen,  let 
the  point  A  be  an  angle  from  whence  the  reft  may  be  feen ; 
there  fix  the  ftation.  Turn  the  table  till  the  middle  point  to 
the  flower-de-luce  ;  fcrew  your  inftrument  faft ;  then  turn  the 
index  till  through  the  fights  you  fee  the  corner  B,  and  draw  an 
obfcure  line  along  the  fiducial  edge  of  the  index,  to  reprefent 
the  diredion  AB  :  again  turn  the  index,  till  through  the  fights 
fucceflively  you  fee  the  corners  C,  D,  E,  and  to  each  of  thefe 
draw  obfcure  lines :  Then  with  the  chain  meafure  the  lines 

AB, 
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AB,  AC,  AD,  and  note  them  down  on  the  paper  from  a  fcale 
of  equal  parts,  each  againft  the  correfponding  line  on  the 
ground.  Join  their  extremities,  and  the  thing  is  done.  By 
this  method  alfo  the  angles  may  be  found,  and  the  area  compu- 
ted, as  above. 

3d,  By  going  round  the  field. 

When  woods,  waters,  or  other  interruptions  happen  '.0  he  in  the 
way,  a  field  may  be  maefured  by  taking  all  the  anciles  and  fides  in 
their  order  :  Thus,  begin  at  A,  after  having  fixed  your  inftru- 
ment,  the  needle  pointing  to  the  flo\^er-dc-luce,  turn  the  index 
till  through  the  fights  you  fee  the  corners  E,  B,  and  along  thefe 
directions  draw  obfcure  lines,  meeting  at  A.  Meafure  thefe 
lines  AE,  AB.  and  note  them  down  from  a  fcale  of  equal  parts* 
Then  remove  your  inftrument  from  A  to  B  j  there  fix  it  again, 
and  turn  the  table  about  till  through  the  fights,  along  the 
ftraight  line  AB,  you  fee  the  point  A.  In  this  pofition,  alfo, 
the  needle  will,  of  itfelf,  point  to  the  flower-de-luce  Here 
turn  about  the  index  till  through  the  fights  you  fee  the  corner 
C ;  meafure  it,  and  mark  it  down  from  a  fcale  of  equal  parts 
upon  the  obfcure  line  drawn  in  the  direClion  BC.  Again  carry 
the  inftrument  to  C,  there  fix  it  again,  and  lay  the  index  from 
C  along  the  ftraight  line  DC,  and  fcrew  the  table  faft :  obferve 
if  the  needle  point  to  the  flower-de-luce  •,  turn  the  index  about 
to  D,  and  draw  the  obfcure  line  CD  ;  meafure  it  and  mark  it 
down  from  the  fame  fcale  of  equal  parts.  In  the  fame  manner 
find  the  remaining  fides  and  angles  till  you  end  at  the  firft  fta- 
tion,  and  it  is  done. 
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PROBLEM  VIII. 

^ofurvey  afield  by  the  theQiiolite, 

I.  From  a  point  within  the  field — 

Place  the  theodolite  at  O,  (Fig^  lafi  Proh.)  and  turn  it  about 
till  the  fixed  fights  point  to  any  obje£l,  as  A  ;  ferew  the  inftru- 
ment  fail,  and  turn  about  the  moveable  index  till  through  the 
moveable  fights  you  fee  B,  and  note  the  degrees  cut  on  the  limb 
of  the  inflruraent  in  a  field-book,  or  rather  on  an  eye-draught, 
then  turn  the  index  in  the  dire£lions  C,  D,  E,  and  record  thfe 
angles  as  above.  Then  meafure  the  lines  OA,  OB,  OC,  OD, 
OE,  and  it  is  done. 

2d,  From  one  of  the  angles. 

Choofe  any  angle  for  a  ftation,  from  M^hence  all  the  other 
angles  may  be  feen.  Suppofe  angle  A,  as  in 7%.  Proh,  7.  Find 
the  number  of  degrees  in  the  angles  BAG,  CAD,  DAE,  and 
mark  them  down  upon  the  eye-draught,  each  againft  the  cor- 
refponding  parts  of  the  field ;  then  meafure  the  ftraight  lines 
AB,  ACi  AD,  AE ;  mark  thefe  upon  the  eye-draught  -,  fo  the 
plan  may  be  made  out,  and  the  area  found,  as  fnewn  above. 

PROBLEM  IX. 

Tofurvey  a  field  by  tvjo  fiat  ions. 

By  this  method,  grounds  mny  be  planned  and  furve)''ed  with- 
out entering  upon  them.  This  is  performed  by*choormg  two 
ftations,  either  within  or  without  the  field,  from  wljence  all  the 
angles,  ponds,  houfes,  crofs-hedges,  roads,  rivers,  &c.  &c.  may 
be  feen.     Either  the  theodolite  or  plain  table  may  be  ufed. 

Let 
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Let  ABCDEF  be  a  field  whofe  plan  is  required,  and  let  the 
points  I.  2.  be  eminences,  from  which  a  fufficient  view  of  the 
field  is  obtained.  Firft,  Place  the  inftrument  at  i,  and  take  the 
angles  AIB,  BIC,  CID,  DIE,  EIF,  FI  A,  and  draw  lines  in  the 
feveral  dire£lion3  of  thefe  angles,  and  any  other  remarkable  ob- 
ject. Then  meafure  the  dillance  from  i  to  2,  and  place  your 
inftrument  at  2  •,  thence  drawing  lines  in  the  diredlions  of  all 
the  angles,  and  of  fuch  other  objefts  as  have  been  noted  from 
the  former  ftation.  Then  thefe  obfervations  being  planned,  the 
interfeclion  of  the  lines  will  point  out  the  feveral  corners  and 
objects  required. 

When  two  ftations  are  not  fufficient,  three  or  more  may  be 
chofen,  as  the  furveyor  fliall  fee  caufe,  meafuring  the  diftance 
"between  each  itation.  And  the  interfedions  of  the  lines  point 
out  the  obje£ts,  with  their  proper  phces  on  the  plan.  By  this 
method  very  extsnfive  furveys  may  be  taken. 


OF  DIVIDING,  OR  LATING  OUT  G ROUND. 
PROBLEM  r. 

3^0  li'.y  out  reBangular  ground. 
RULE. 

Divide  the  given  area  by  the  given  fide,  and  the  quotient  will 
be  the  fide  required. 

EXAMPLE.  I. 

What  length  of  a  rectangular  field,   wliof^  breadth  is  400 
links,  will  ma.ke*3  acres  2  roods? 

400)3.50000 

Anf.   875 

N  n  Ex.- 
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Ex.  2.  What  length  of  a  ridge,  8  ells  broad,   will  make  i^ 
falls?  ^^674- ells. 

Ex.  3.  Wliat  length  of  a  lidge,  40  feet  feet  broad,   will  make 
3  roods  of  land  ?  Auf.  8 1 6  J  feet. 

Ex.  4.  A  field  contains  32  acres  3  roods  Scots,  the  breadth 
being  510  links,  required  the  length.     Anf.  6422  links  nearly. 

Ex.  5.  The  length  of  a  redanguLir  field,   being  6575   Ihiks, 
^required  its  breadth  to  contain  328  acres  ,3  roods. 

^    Aft/^  5000  links. 
Ex.  6.  A  fqunre  field   of  1 5  acres  2  roods  20  poles :  It  is  re*r 
quired  to  rind  the  length  of  its  fide.  Jrf.  1250  links. 

Ex.  7,  Required  the  fide  of  a  fquare  field  in   ysrds,  whofe 
content  is  30  Englifh  acres.  An/.  831  nearly. 

Ex.  8.  What  length  of  a  rectangular  field  will  make  25  Eng- 
lifli  acres,  the  breadth  being  193^  yards  ?  An/.  625  yards. 


PROBLEM  If. 

T<y  /ay  out  a  triangular  field. 
RULE  L 

When  the  bafe  is  given,  to  find  the  perpendicular:  Divide 
the  area  by  the  bafe,  and  twice  the  quotient  will  give  the  per- 
pendicular. 

Rule  2.  When  the  perpendicular  is  given,  to  find  the  bafe  : 
Divide  the  area  by  twice  the  perpendicular,  and  the  quotient  is 
the  bafe. 

Rule  3.  When  any  part  of  a  given  triangle  is  to  be  cut  off 
by  a  line  parallel  to  one  cf  the  fdcs,  it  nuiil  be  remembered 
that  fimiJar  furfaces  are  to  one  another  as  tht;  fquares  ef  their 
coriefpoiiding  tides  j  and  vice  verfa. 

EXAMPLE 
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EXAMPLE  I. 


Required  the  perpendicular  breadth  of  a  triangular  field,  the 
bafc  being  520  links,  and  content  9  acres. 


5  20)9.00000)  1 73of-f 
520  2 


3800 
3640 


34<^i 


TT 


Links. 


1600 
1560 

400 


Ex.  2.  A  triangular  field  of  630  acres  is  to  be  divided  equal- 
ly between  two  farmers  ;  the  bafe  meafures  6000  links,  and 
the  march  is  to  be  drawn  parallel  to  the  bafe  ;  required  how 
much  of  the  perpendicular  will  fall  to  each. 


6.000)63000.000 
10500 
2 


21000  the  whole  pcrpendiculart 


N  n  2 
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320  :  160  :  :  21C00 

Or  rather         2:1::  441000000 

I 


2)441000000 


2205^00000(14849 

1 

24)120 
96 

288)2450 
2304 


2964)14600 
^11856 


29689)274400 
267201 

The  whole  perpendicular  2roco  links. 

One  of  the  farmer's  fliare  is  ^4849  links. 

Confcquently  the  other*s  fhare  Is        615 1  links. 

j^oie.  The  greater  part  of  the  perpendicular  will  fall  to  him 
whofe  divifion  lies  towards  the  vertex. 


Ex.  3.  Suppofe  a  field  in  the  form  of  a  right-angled  triangle, 
whofe  bafe  is  2500,  and  perpendicular  3000  links  of  the  Englifli 
chain,  and  that  a  hedge  is  planted  parallel  to  the  perpendicu- 
lar, cutting  off  20  acres,  required  the  expence  of  planting  the 
hedge,  at  is.  6d.  per  yard.  j^nf^  361t  3s.  o^d, 

Ex.  4.  How  long  is  the  bafe  of  a  field  of  35  acres  3  roods 
10  poles,  the  perpendicular  being  3550  links  ? 

An/.  202 1  xs  nearly. 

PROBLEM 
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PROBLEM  III. 

To  lay  cut  a  given  area  from  an  rrregular  Jield^ 

EXAMPLE  L 

>     >^ 

Let  it  be  required  to  cut  off  i  f  acres  towards  the  north  fide 
%i  the  irregular  field  ABCD*  Ftg.  4. 

The  Field-Book. 


Inlets, 

Stations 
and    DiUances. 

OfF-fets. 

.  1.  A. 

0 

20 
20 

0 

8o 
160 
180 

240 

360 

47a 

.2.  B, 
535 

.3.D. 

0 
60 

T'20 

0 

40 
42 
30 
40 
60 

38 
12 

"foo 

38 

375 

40 

470 

3*^ 

.4.C. 

535 

' 

2/3 


5UI 

lYKYl 

NG. 

80 
40 

40 
42 

82 

80 

2)6560 

45 
3^ 

72 

2C 
2   144c 

3° 

40 

70 
60 

2)4200 

4P\ 

--! 

I  OOJ 

3°i 

2)3000:: 

60 
38 

yo 
.)882o 

38 

12 

a;320O 

50 

1600 

I  10 

2)5500 

3280 

72c 

2100 

I5CO 

4410 

I      2750 

1600 

3280 

720 

2i00 
1500 
4410 
2750 

Now  2 
Where 

n  acre  is 
jof  the  t  Is 

100000  fq.  links. 
50000 

Equal  to  if  acres, 
Subtraa  the  oiF-fets  on  AB, 

150000 
16360 

16360  fq- links.  Tbere  remains       13364Q 

Now  by  Prob.  I. 

470)133640(284  nearly=Ax  or  B% 
940 

3964 
3760^ 

2040 

M  1880 

»  ______ 

160 

Ex.  2.  It  is  required  to  lay  off  2  roods  towards  the  fouth  fide 
cf  tlie  fame  field,  and  to  know  how  far  up,  the  lines  AC,  BD, 
the  march-line  mud  be  ftruck,  Jfif-  92  J V  links. 
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UNNERY  is  the  art  of  charging,  direfting,  and  exploding* 
fire-arms,  fuch  as  cannons,  mortars,  &c.  to  the  bell  advantage, 
To  this  art  belongs  the  knowledge  of  the  force  of  gunpowder, 
the  dimirnfions  of  cannon,  the  proportion  of  powder  and  ball 
they  carry. 

From  experiment  and  obfervation  alone  the  hiftory  of' nature 
can  be  coI)c6lcd,  or  hex phinonwna  dcfcribed.  By  the  princi- 
ples of  geometry  and  mechanics  we  are  enabled  to  cnrry  on  the 
analyfis  from  the  phenomena  to  the  powers  or  caufes  that  ffro- 
duce  them. 

The  fame  power  which  renders  bodies  heavy  when  at  reft,  acj 
celerates  their  motion  when  they  defcend  in  the  dire(Slion  of 
their  gravity  j  and,  if  projefted  in  any  other  direction,  bend* 
thtir  motion  into  a  curve  line,  which,  from  its  properties  and 
ilex  are,  is  known  to  be  a  parabola.  For  every  body,  proje£lcd 
into  the  air,  moves  uirtJi'jf  the  influence  of  two  diHin<n:  forces, 
viz.  its  projedlile  force,  and  that  of  gravity.  By  the  firll:,  it  i** 
carried  forward  with  an  equal  motion,  and  defcribcs  equal  fpa- 
ccs  ill  equal  times.  By  the  latter,  it  is  drawn  downwards  in 
lines  perpendicular  to  the  horizon,  with  a  motion  Inccflimtly  ac- 
celerated* If  either  of  thcfe  forces  were  dellroyed,  ilie  bod/ 
would  move  for  ever  in  the  dirccllon  of  the  rcmaiinng  force  a- 
lone,  (if  its  motlcrn  wasnot  hindered  by  the  intcrpofition  of  o- 
ther  bodiesr'O  but,  as  both  continue'  to  acl,  the  courfc  of  a  pro- 
jetlile  muii  be  determined  by  a  power  compounded  of  thcfe 
Jwo  forges. 

DiiFINITICNS. 
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Definitions*. 


1.  The  impetus  of  a  piece  is  the  perpendicular  height  td 
which  it  would  (hoot  a  ball  with  its  ordinary  charge  of  powder  | 
or  the  height  from  which  it  muft  fall  perpendicularly  to  acquire 

the  velocity  with  which  it  was  projeded. ^Thus,  BA  is  the 

impetus.     Fig.  i. 

2.  The  diameter,  or  axis  to  any  point  of  the  curve,  is  a  line 
drawn  from  that  point  perpendicular  to  the  horizon.  Thus, 
HQJs  the  diameter  to  the  point  H. 

3.  The  point  H  is  called  the  vertex. 

4.  The  ordinates  to  any  diameter  are  lines  drawn  parallel  to 
the  tangent,  where  the  diameter  cuts  the  curve.  Thus  GK 
is  an  ordinate  to  the  axis  HQ;^ 

5.  The  abfcifs  is  that  part  of  the  diameter  intercepted  Be- 
tween the  ordinate  and  the  curve.  Thus,  HQjs  an  abfcifs  of 
the  diameter  HF. 

6.  The  altitude  of  the  curve  is  the  perpendicular  height  of 
the  vertex  above  the  horizontal  plane.  Thus,  HQjs  the  alti- 
tude of  the  curve  AHK. 

7.  The  amplitude  is  the  diflance  between  the  obje6l  aimed 
at  and  the  piece,  and  is  fometimes  called  the  random,  or  range. 
Thus,  AK  is  the  amplitude  of  the  curve  ABK. 

8.  The  elevation  of  the  piece  is  the  angle  its  diredion  make^ 
with  the  horizontal  plane. 

9.  The  inclination  of  a  plane  is  the  angle  it  makes  with  the 
horizon,  and  is  either  elevated  or  depreilcd. 

10.  The  diredlrix  is  a  line  parallel  to  the  horizon,  and  whofc 
dillance  from  the  horizon  is  the  impetus. 

A'".  B.  The  venex  is  equidiftant  from  the  dire6lrix  and  focus. 
The  focus  may  be  found  by  various  methods.     Thcfc  follow- 
ing are  moft  commonly  ufcd.  , 

PROBLEM. 
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PROBLEM.     lug.  1, 


21?  defcribe  the  path  of  a  prcjecJile. 

Draw  AL  the  horizontal  plans,  and,  from  a  fcale  of  equal 
|jarts,  lay  olTthe  amplitude  AK,  and  through  the  point  A  ere£l 
a  perpendicular  AB  equal  to  tha  impetus  taken  from  the  fame 
fcalc  -,  through  B  draw  the  diie<Strix  parallel  to  AK  ;  then 
bifedl:  AlC  in  Qr  and  draw^QN/  at  right  angles  to  AK  ;  upon 
A,  as  centre  with  the  diftarce  AB,  defcribe  the  femicircle 
BFfR,  and  the  point  F  is  the  focus.     Or, 

If  the  direction  AD  is  given,  upon  AB,  as  diameter,  defcribe 
a  femicircle  BDxY ;  and  through  the  point  of  inTerfedlion  D 
draw  BTi)  and  produce  it  to /F  j  fo  fhall  BD  and  DF  be  equal, 
and  F.will  be  the  focus.     Or, 

Through  the  point  D  draw  PD  parallel  to  the  horizon ;  then 
fliall  PD=DH,  and,NKr^|IF,  and  li  will  be  the  vertex. 

Cor.  4.  times  PD  iss  erpal.  to  the  amplitude. 

Then  proceed  as  fhewii  in  Prob.  9.  conic  fi5llons» 

P:ilOBLEM  I. 

ihe  impetus  of  a  piece  and  tie  angle  of  elevation  heing  gii^en^  te  f.nd 
the  amplitude* 

e:lvmple  I. 


How  far  will  a  cannon,  whoTe  impetus  is  1200  feet,   carry, 

at  an  elevadon  of  30°  ?        \  ■  '  r  / 

\         '   ■' ■  ""' 
Ge'}t::etrically, 

Let  AB  reprefent  the  impetus  of  the  piece,  or  the  velocity  a: 
heavy  body  would  acquire  in  falling  from  B  to  A.  Through 
the  point  A  draw  the  horizontal  line  AL,   and  make  the  angle 

o  LAM 
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LAM  equ^l  tp  the  angle  of  elevation.  From  the  centre  A, 
with  the  radius  AB,  defctibe  the  femicircle  BFOf  R ;  its  cir- 
cumference fliall  be  the  locus  of  the  foci  of  alt  the  parabolas 
that  can  be  defcribed  by  a  projectile  thrown  from  A,  with  the 
velocity  it  could  acquire  in  falUng  from  B  to  A  ;  for,  by  a 
known  property  of  the  parabola,  the  dlftance  of  the  focus  from 
A  is  always  equal  to  one-fourth  of  the  parameter  of  the  diame- 
ter that  pafTes  through  A,  that  is,  to  AB  •,  ail  the  foci  muft, 
therefore,  be  found  in  the  fenicircle  BFOFR.  It  will  there- 
fore be  eafy  to  determine  the  p.irabolas,  when  the  dire£l:ion  of 
the  proj  J^lile  is  given  •,  for  if,  upon  the  impetus  AB,  you  dc- 
fcribe  a  femicircle  BDdA,  you  need  only  join  BD,  and  lay  of? 
BD  equal  to  DF,  and  F  will  be  the  focus ;  and  if  through  F 
you  dra^  the  line  QI^'  perpendicular  to  the  horizontal  line  AI^ 
it  Ihall  be  the  axis  ;  and  H,  the  middle  point  between  F  and 
N,  {hall  be  the  vertex  of  the  parabola.  4  X  FH  is  the  length  of 
the  parameter  of  the  axis* 

If  a  line  HP  be  drawn  through  the  point  H  perpendicular  to 
AB,  the  ftraight  line  BF  and  PH  will  bife£l:  each  other  j  alfo 
AM,  the  line  of  dire6lion,  will  pafs  through  the  point  of  in- 
terfe6lion  in  D,  and  bife^l  the  line  BF  at  right  angles;  and 
therefore  the  femicircle  BDdA  will  j>afs  through  the  fame  point 
B. 

The  amplitude  of  any  parabola  is  equal  to  four  times  the 
fme  of  twice  the  complement  of  tbe  angle  of  elevation  :  PD  i« 
the  fine  of  the  angle  PCD,  and  the  aiTgle  PCD  is  twice  the  an- 
gle PAD,  becaufe  the  one  is  at  the  centre  and  the  other  at  the 
circumference  ;  but  the  angle  PAD  is  the  complement  of  the 
angle  of  elevation  DAK  ;  therefore  PD  is  the  fme  of  twice  the 
complement  of  the  angle  of  elevation ;  and  2PD  is  equal  to 
PH  ;  but  2PH  is  equal  to  AK  ;  therefore  AK  is  equal  to  4PD. 
Hence  it  will  follow,  that  tfhen  the  angle  of  elevation  be- 
comes 45°,  the  points  F  and  fliall  fall  in  the  point  O,  and 
AK  becomes  twice  tlie  impetv-,B.   The  fine  PD  is  the  co-fine  of 

double 
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double  45*,  which  is  the  fine  of  90°,  or  the  radius;  and,  as  the 
fine  of  90°  is  the  greateft,  we  may  infer,  that  if  a  body  is  pro- 
je6led  with  an  elevation  of  45°,  it  will  be  carried  fartht^r  on 
the  horizontal  plain,  than,  if  projected  with  the  fame  velo- 
city, in  any  other  dire6tion. 

Alio,  If  of  two  directions  the  elevation  of  the  one  exceeds 
45°  as  much  as  the  elevation  of  the  other  ,wants  of  45°,  their 
amplitudes  will  be  equal,  for  the  angles  are  complements  of 
each  other,  and  the  fines  of  double  of  thefe  angleamujl  be  e- 
qual,  becaufe  they  are  fupplements  to  two  right  angles  to  on(^ 
unother ;  but  th^  amplitudes  of  the  parabola  is  always  quadru- 
ple of  thefe  fines,  ^nd  thergfare  they  muft  alfp  be  equal. 

"To find  the  amplitude  by  tr'rgonomeU^y, 

As  radius  90  -  -  -  -  io.Oodoo 

Is  to  twice  the  impetus  2400  -  -  3.38021 

So  ia  fine  twice  the  elev.  60°  -  -  9-93753 

To  amplitude  2078  =  -  -  -  3-3*774 

EXAMPLE  IT. 

Let  the  impetus  be  3600,  and  the  angle  of  elevation  75°.  re- 
the  amplitude. 

As  radius^o  _  -  ,  -  io.ooqoq 

l3L.to  twice  thq.iinpctus  7200,  -  *  3-^5733 

So  is  fine  twice  elev.  150"^         -  -  -  9.69897 

To  amplitude  3600  =  -  -  - ,  3-55^3^ 

From  the  preceding  example,  it  is  evident,  that  the  impetus 
of  a  piece  is  equal  to  the  amplitude,  when  fired  off  at  the  an^lc.n 
€f  15' or  75;. 

o  % 
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By  Scale  and  Coxnpajjes. 

In  Ex.  I.  Extend  the  compafTes  from  the  radius  to  tnc  fine 
of  60°,  the  fame  extent  will  reach  from  2400  on  the  line  of 
numbers,  to  2078,  the  amplitude  required. 

PROBLEM  IL 

'The  amplitude  and  impetus  being  given,  to  find  the  elevation, 

EXAMPLE  I. 

At  what  elevation  will  a  mark  be  hit,  diRant  5100  yards, 
the  impetus  being  3000  ? 

As  twice  the  impetus  6^000  -  -  -      3-778  r^f 

Is  to  radius  90°  _  _  -  «  10.00000 

So  is  amplitude  5100  -  -  *r  S-T^TST 

To  fine  twice,  elevation  58^  ^3'=  -  9'92942 

I^ower  elevation         29     6 
Higher  elevation        60  54 

F?:.  2.  At  what  elevation  will  a  mark  be  hit,  diflant  i8o« 
yards,   the  impetus  being  900  yards  ?  Anf.  45° 

Ex.  3.  At  what  angle  will  an  object  be  hit,  diftant  4200 
yards,  the  impetus  being  being  4000?     ^  ^   ^^5°  50' lowed. 

•^'   (.74°   io'higheft, 

By  Scale  and  Compajfes* 

The  extent  from  tv.-ice  the  im.petus  on  the  line  of  numbers, 
to  the  amplitiide,  will  reach  from  the  radius  oia  the  iineof  fines, 
to  the  fine  of  double  the  elevation. 

^      PROBLEM 
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PROBLEM  III. 

O'lvcn  the  amplitude  and  the  angle  cf  elevation,  to  find  the  i  upetus. 

EXATnIPLE  I. 

What  impetus  will  carry  a  ball  3520  yards,  at  an  elevation 
of  30*  or  of  60°  ? 

As  fine  twice  elev.  30*  -  -  -  9-93753 

Is  to  radius  90°  -  -  -  10.00000 

So  is  ^  amplitude  1760  -  -  -  3.2455  c 

To  impetus  2032  =  -  -  ^  3'3^79^ 

11^  Scale  and  Compajfes. 

The  extent  from  twice  the  angle  of  elevation  on  the  lind  of 
fmes,  will  reach  from  ^  amplitudej  on  the  line  of  numbers,  to 
the  impetus. 

Ex.  2.  The  amplitude  is  3000,  and  the  direction  45^,  requi- 
red the  impetus.  Anf.  1^00. 

Ex.  3.  The  amplitude  is  5200,  and  elevation  .75,  required 
the  impetus.  Anf.  52oc3u 

PROBLEM  IV. 

^  ke  amplitude  and  dlreFslon  being  given  j  to  find  the  height  of  th£ 
projcclion, 

EXAMPLE.  1. 

The  amplitude  being  1200  yards,  and  elevation  30%  required 
the  height  of  the  projedlon. 

As 


%U  GUNNERY. 

As  radius  9Q  -  >  .  .  lo.oooo* 

Is  to  tangent  elev.  30%  -  -  9.76(44 

So  is  4  amplitude  300  -  -  «  2.47712 

To  the  height  of  the  proje£iion  174.3  =  -  2.23856 

By  Scale  and  CompaJJes, 

The  extent  from  the  tangent  of  45°,  or  radius,  on  the  line  of 
tangents  to  the  angle  of  elevation,  will  reach  backward  on  the 
line  of  numbers  from  f  the  amplitude  to  the  altitude  required^ 

Ex.  2.  Given  the  impetus  4000,  and  amplitude  4200,  requi- 
red the  greatcft  altitude  of  the  ball.  Anf,  298* 

PROBLEM  V. 

%he  altitude  and  elevation  being  given ^  to  find  the  amplitude,. 
EXAMPLE  L 

Let  the  altitude  be  173 f  yards,  and  elevation  30%  required 

the  amplitude. 

As  tangent  angle  elevation  30°  =3  -  -.  9,76144 

Is  to  radius  go         -  -  lo.coooo 

So  is  the  greateft  alt.  173-2      -  -  -  2.2385^. 

To  ^  amplitude  300  -  -  »  2.477  u 

4  ,      . 

Amplitude      1200 

By  Scale  and  CompaJJes. 

The  extent  from  the  tangent  of  30°  to  45*,  or  radius,  will 
Deach  forward,  on.  the  line  of  numbers,  from  1 73-2,  to  300  oiic- 
fourth  part  amplitude. 

Ex.- 
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Ex.  2.  The   altitude    368,  and   elevation  40°  1 5',  required 
the  amplitude.  uinf,  i-j^^. 

PROBLEM  Vt. 

Hhg  elevation  and  amplitude  being  given,  and  any  other  direBion,  t^ 
find  the  amplitude  for  that  direBionn 

EXAMPLE. 

The  direction  MAK,  50''  15';  its  amplitude  AK  I» 
7000  -,  any  other  direction,  32°  30'  being  given,  to  find  the 
amplitude  for  that  dire£tion,  the  piece  being  the  fame* 

As  the  fine  of  twice  the  ift  elev.  50°  15'         -  9.99267 

Is  to  the  I  ft  amplitude  7000,  -  -  3.84510 

So  is  the  fine  of  tvi^ice  the  2d  elev.  32°  30'  -  9.95728 

13-80238 
To  the  amplitude  required,  6452,         -  •  3'8o97l 

By  Scale  and  Compaffes, 

The  extent  from  79"  30'  to  65°  on  the  line  of  fines,  Mail 
reach  backward,  on  the  line  of  numbers,  from  7000  to  6451, 
the  amplitude  required. 

Ex.2.  The  angle  of  elevation  is  28°  12';  its  amplitud  i« 
5100,  and  any  other  diredion  37"^  28',  required  the  amplitude 
for  that  direiflion.  Anf.  5912. 

PROBLEM  VIL 

l^he  gredtefl  altitude  of  a  hall^  ivith  the  elevatiany  and  any  other 
altkudey  not  greater  than  the  impetus,  being  given,  to  find  Ihe  e- 
Jevation  rjjith  ivhich  the  ball  ivas  projscled, 

EXAMPLE. 
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EXAMPLE. 

A  cannon  being  fired  at  an  angle  of  24°  5',  the  greateft  alti- 
tude of  the  ball  180  yards;  another  was  fired  off,  and  the 
greateft  altitude  of  the  ball  was  400  yards  ;  at  what  angle 
of  elevation  was  the  cannon  fired  off  the  ftcond  time  ? 

As  the  firft  altitude  180  =  -  -  2.25527 

Is  to  the  verfed  fine  of  twice  the  firft  elev.  48^^  20'         4.52249 
So  is  the  fecond  altitude  400  -  -  2.60206 

7.12455 
To  the  verfed  fine  of  twice  the  ang,  7       0     ^-t  4.8692^^ 

of  the  fcccnd  elevation,  ^  74    5 

The  elevation  required,  37"  28' 

By  Scale  and  Compajfes, 

The  extent  from  1 80,  on  the  line  of  numbers,    to  400,  'will 
reach  from  48''  10'  to  74°  56'  on  the  line  of  verfed  fines- 
Ex.  2.  A  ball  was  projected  at  an  angle  of  40°  30'',  its  great- 
eft  altitude  being  500  yards  ;  afterwards  another  was  projeded, 
t^'hofe  altitude  was  400,  required  the  elevation  of  the  piece. 

Ex.  3.  The  greateft  elevation  of  a  ball  being  450  yards,  the 
elevation  36*^  required  the  elevation  tof  another  projection,  the 
greateft  altitude  being  240  yards.  j4nf.  25°  25' 

PR0BLE5I  VIII. 

^he  elevation  and  amplitude  being  given,  to  find  the  time  of  the 
flight, 

EXAMPLE. 

How  long  will  a  ball,  fired  off  at  an  angle  of  58%  remain  in 

the  air,  the  amplitude  being  528c  feet  ? 

As 
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As  radius  -  -  .- 

Is  to  amplitude 

So  is  tangent  elevation 

To  the  fquare  of  4  times  the  feconds 
The  fquare  root  of  which  is 
Whereof  the  one-fourth  is 


90     =  lO.COOOO 

5280  =    3.72263 
58^  =  10.20421 

8450 

92  nearlVf 


3.92684 
23  feconds  of  time. 


This  Problem  is  neceffary  in  adjufting  the  'fufee  of  bombs, 
which  are  generally  nred  off  at  an  angle  of  45°. 

It  is  common  among  gunners  to  find  the  angle  between  the 
objecSl  and  the  zenith,  and  take  the  complement  of  half  that 
angle  for  their  elevation.  And  becaufe  a  lefs  charge  of  powder 
will  ferve  with  this  elevation  than  with  any  other,  they  find,  by 
trial,  what  charge  will  reach  the  obje£i:. 


PROBLEM  IX. 

^he  amplitude  of  the  projeEiile<i  ivlih  a  given  charge  of  powder  being 
givsHy  to  find  ivhat  charge  of  pciivdcr  will  be  necefTary  to  hit  an 
object  at  any  other  difianccy  (not  greater  than  the  ouimojl  range) 
the  elevation  being  the  fame, 

EXAMPLE. 


If  16  lb.  of  powder  will  flioot  a  cannon  ball  to  the  diftance 
of  6000  yards,  requirtd  the  heceffary  charge  to  flioot  the  fame 
ball  5000,  with  the  fame  elevation. 


As  the  firft  amplitude  6000 

Is  to  a  charge  of  1 6  lb. 

So  is  the  given  amplitude  5000 

To  the  charge  required,  134- 1^*  = 

Pp 


3-77855 
I  20412 
3.69897 

1.12492 
Or 
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Or  fay,  numerically, 
As  6coo  :  i6  :  :  5000  :  1.3. J  lb. 


PROBLEMS  on  Afcents  and  Defcents. 

A  proje6lIle  thrown  on  an  afcent,  with  the  velocity  it  would 
acquire  in  falling  from  B  to  A,  in  the  diredlion  AE,  will  ftrike 
the  line  AN  in  K,  fo  that  AK  will  be  equal  to  4CD.  Suppofing 
the  angle KAG  aright  angle,  the  angles  GAB=GBA,  and  that 
a  femicircleon  G,  as  centre  with  the  radius  GB,  cuts  the  Hne 
of  direction  in  D,  and  that  DC  is  parallel  to  AN,  meeting  AB 
in  the  point  C. 

Becaufe  the  angles  KAD,  ADC,  are  equal,  being  the  alter- 
nate angles,  and  AK  touches  the  circle,  and  AD  cuts  it,  the 
angles  KAD,  DBA,  are  equal ;  therefoie  the  angle  DBA= 
CD  A,  confequently  the  triangles  ACD,  ADB,  are  fimilar,  ha- 
ving the  angle  at  A  common  •,  therefore  AC  :  AD  :  :  AD  :  AB. 

Again  ;  Becaufe  the  triangles  ACD,  PAK,  are  fnnilar,  AP  : 
PK  :  :  PK  :  4AB  j  therefore  AD=PK,  confequently  CD=AK. 


Cor  I.  Through  D  draw  a  line  parallel  to  AB,  cutting  the 
circle  in  Dd,  and  join  AD,  then  will  the  projeftile,  thrown  in 
the  direction  Ad,  ftrike  the  line  NA  in  the  point  k,  for  CD= 
cd=AB=AK. 


Cor.  2.  Parallel  to  AB  draw  KL,  a  tangent  to  the  circle  in 
H,  join  AH,  then  fliall  AH  be  the  direction  which  fhall  carry 
the  projedile  fartheft  ofi  the  line  AN  j  becaufe,  when  D  coin- 
cides 
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rides  with  H,  CD  is  the  greateft  pofllble,  and  confequently 
AK  (4CD)  is  the  greateft  diftance  the  projedile  can  be  carried 
to,  with  the  velocity  acquired  in  falling  from  B  to  A. 

Cor.' 3.  It  is  plain  that  the  angle  HAN=HBA=:HAB  ;  there- 
fore the  direction  AH  bifecbs  the  angle  BAN. 

Cor.  4.  The  lines  AD,  Ad,  make  equal  angles  with  AR, 
confequently  the  angles  DAN,  dAN,  are  equal,  and  the  dif- 
tance AK  is  invariably  the  fame. 

Cor.  c.  When  AK  is  given,  and  the  dircftion  required,  take 
AR=AK,  and  through  RD  parallel  to  AB,  meeting  the  cir- 

4 
cle  in  D,  d,  draw  AD,  Ad,  and  thefo  will  be  the  directions. 

PROBLEM  I. 

^ke  horizontal  diftance^  and  the  perpendicular  height  of  the  objecl 
above  the  level  of  projeEliony  alfo  the  impetus  heing  given,  to  find 
the  elevations, 

EXAMPLES. 

Let  the  horizontal  diftance  be  7000,  impetus  4200,  and  the 
horizontal  height  744,  required  the  diredions. 

As  the  horizontal  diftance  700c  =  -  3.84510 

Is  to  radius  go  _  _  -  -  lo.O(  000 

So  is  the  height  of  the  obje6l  744  -  287157 

To  tangent  angle  of  obliquity  6''  4'  =  -  9  02^47 

Half  of  which,  added  to  45°,  makes  48''  2'. 

Ax  :  AK   :  :  AC    :    AG,  that  is, 
7000  :  7040  :  :  2100  ;  :  21 12. 

Pp2  A 
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As  tangent  48"  2' 

10.04607 

Is  to  radius  90             *             -             -             - 

lO.OOOCO 

So  is  X  impetus  2100 

3.32222 

To  1888             -             -                 -              • 

3.27615 

As  2 1 12 

3-3  Mp 

Is  to  137.5              -             - 

2.13830 

So  is  radius  90              -              -              -              - 

lO.OCOOO 

To  the  verfed  fine  of  20°  48' 

8.8I36I 

Half  of  which  arklcd  to  or  fubtraded  C  58°  16' 
from  48'  2',  gives                           C37''  3^ 

higli 

ler. 

low( 

;r. 

PROBLEM  II. 

Given  the  angles  of  d'lreB'ion^  obliquity  of  the  plane ^  and  amplitude^ 
to  find  the  impetus. 


As  fine  ang.  dAzX    "?  31''  34' =  9.71 891 
into  fine  ang.  BAD,  3  52°  22'  =  9.89869 

[9.61760 

Is  to  the  fquare  of 'I 

the  fine  of  BAz   383°   ij6' =  9.99756  19.99512 
SoisAK=i76o  -  -^  3.24551 


To  the  impetus  4198 


23.24063 
3-<^2303 


PROBLEM  III. 

T^he  angles  of  d'lreHion^  obliquity  of  the  plane^  and  impetus  being 
give.'i}  to  find  the  random. 


EXAMPLE 
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The  obliquity  of  the  plane  is  6°  4',  the  angles  of  the  dire^iion 
'j,.^l=-j^o  o/f  and  impetus  4200,  to  find  the  diftance 
of  the  obje£l. 

As  fquare  of  the  fine  DAx  83°  ^6'=g.9g'j^6=:ig.g^^i2 
Is  to  fine  DAz  X      7  31°  34'     9.71891 

into  fine  BAz  5  52°  22'     9.89869 


So  is  impetus  4200             -             -             _ 

19.61760 
3.62325 

To  -J  amplitude  1761 

23.24085 
3-24573 

PROBLEM  IV. 

5rhe  angles  of  dtreBidiy  obliquity  of  tht  plane ^  and  amplitude  being 
given,  to  find  the  amplitude  of  any  given  elevaticn. 

EXAMPLE. 

The  angle  of  obliquity  KAx  is  6"  4',  any  angle  of  dire£lion 
37*  38',  audits  amplitude  is  7040,  any  other  angle  of  direcSiion 
33°  being  given,  to  find  the  amplitude  for  that  other  dire<Stion. 


As  the  fine  dAz       731"  34'=9.7i89i 
X  into  fine  BAd   5  52°  22'=9.89869 


Is  to  the  fine  MAx 
Xinto  fine  MAB 


1  25'       =9^2595 

5  58' 5<5 -9-9327^ 

So  is  firfl:  amplitude  7040 


:i9.6i76o 


=  1955871 

3-«4757 


23.40628 
To  the  amplitude  required  O147  3.78868 


PROBLEM 
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V 

PROBLEM  V. 

The  impetus  and  obliquity  being  given,  to  find  the  greatefi  random, 
EXAMPLE. 

Let  the  impetus  be  4200,  obliquity  of  the  plane  6°  4',  requi- 
red the  greateft  random. 

As  tangent  48°  2'  -  «  »  10.04607 

Is  to  twice  impetus  8400  -  -  3.9242'd 

So  is  fecant  obliquity  6°  4'  -  -  10.00244 

13.92672 
To  the  greateft  random  7596  -  -  3.88065 

If  to  45°  you  add  half  the  angle  of  obliquity,  the  fum  is  the 
,  direction  that  carries  fartheft  up  an  afcent. 

If  from  45°  you  fubtra6t  half  the  angle  of  obliquity,  the  re- 
mainder is  the  direction  which  carries  fartheft  on  a  defcent. 

The  greateft  diftaace  up  an  afcent  is  equal  to  twice  the  im- 
petus, wanting  the  height  of  ihe  mark  above  the  horizontal 
plane.  And  the  greateft  diftance  down  a  defcent  is  equal  to 
twice  the  impetus,  together  with  the  deprefhon  of  the  obje6l 
below  the  horizontal  line. 

In  a6tual  fervice,  cafes  on  afccnts  and  defcents  are  feldom 
attended  to. 


Computation  of  Shot. 


It  IS  cuftomary  to  pile  iron  balls  and  (liells  in  horizontal  rows ; 
the  piles  are  denominated  according  to   the  figure  of  their  re- 
fpeiSlive  bafes.     The  bafe  is  commonly  an  equilateral  triangle, 
fquare,  or  redangle.     Triangular  and  fquare  piles,  when  com- 
plete 
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plete,  terminate  in  a  fingle  ball,  and  a  rectangular  pile  in  a 
fingle  row.  The  two  firft,  when  complete,  form  a  pyramid, 
the  laft  a  wedge. 

PROBLEM  I. 

To  find  the  number  of  balls  in  a  triangular  pile. 

u...   rule; 

Put  n  for  the  number  of  balls  in  a  fid  z  of  the  bafe  row,  then 
nXn-{-i  X  «+2,  gives  the  number  of  balls  in  the  pile. 

EXAMPLE.  L 

Required  the  number  of  balls  in  a  triangular  pile,  a  fide  of 
the  bafe  tire  contains  30  balls. 


3o=« 
3i=«+i 

32=//+2 


i860 
2790 

6)29760 

4960  balls  in  the  pile. 

Ex.  2.  How  many  balls  are  in  a  triangular  pile,  the  fide  of 
the  bottom-row  being  25  ?  ^nj.  2925 

Ex.  3.  Required  the  number  of  balls  in  a  triangular  pile, 
the  fide  of  the  bafe-row  being  20.  ^nf.  1540. 

Ex.  4.  How  many  balls  are  in  a  triangular  pile,  the  bafe- 
row  being  lo.-*  ^nf.  220. 

^'  Ex: 
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Ex.  5,  How  many  balls  are  in  a  triangular  pile,  wliofe  bafe- 
tire  is  4  ?  AnJ,  2©^ 

PROBLEM  II. 

Ho  find,  the  number  of  halls  in  af^uare  pile, 
RULE. 

Put  n  for  the  number  of  balls  in  the  fide  of  the  fquare  bafe» 
then  «X«-f  I  ^  2«+ 1  is  the  number  of  balls  in  the  pile. 

EXAIVIPLE  L 

How  many  balls  are  in  a  fquarc  pile  of  30  balls  to  the  fide  of 
-^he  bafe-row  ? 

30=« 
31=//+! 

930 

6l=2«+I 

6)56730 

945  5  balls  in  the  pile. 

Ex.  2.  How  many  balls  are  in  a  pile,  the   fide  of  the  fquare 
bafe  being  1 5  balls  ?  Anf.  1 240- 

Ex.  3.  How  many  balls  are  in  a  fquare  pile  of  13  tires  ? 

Ex.  4.  How  many  ha^s  are  in  a  fquare  pile  of  1 2  tires  ? 

JriJ*  650. 
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Ex.  5.  How  many  balls  are  in  a  fquare  pile,  whofe  bafe-row 
confifts  of  10  balls  ?  AnJ.  385. 

PROBLEM  III. 

To  Jin d  ths  number  ^  balls  in  a  piky  ivhofe  bafe  is  a  reB angle  or 
oblong* 

RULE. 

Put  /  for  the  number  of  balls  in  the  length,  and  b  for  the 
I  breadth,  then  3/+1 — bxbxb+i^  will  give  the  number  of  balls 


in  the  oblong  pile. 


EXAMPLE  L 


How  many  balls  are  in  an  oblong  pile,  the  length  of  the  bafe 
courfe  is  40  and  breadth  20  ? 


40=/ 
3 

120 

I 

121 

20=3 

lOI 

20=sA 

2020 
21 

2020 
4040 

6)42420 

Anf,  7070  balls. 


Q^q 


£s 
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Ex.  2.  How  many  balls  are  in  an  oblong  pile,  tlie  length  of 
the  bafc  tire  being  36  and  breadth  24  ?  Anf.  8500. 

Ex.  3  How  many  balls  are  in  an  oblong  pile,  the  length  of 
the  bafe  row  is  24  and  the  breadth  20  ?  Anf  3710. 

Ex.  4.  Required  the  number  of  balls  in  an  oblong  pile, 
whofe  length  is  l2  and  breadth  8.  Anf,  348. 

PROBLEM  IV. 

'Jo  find  the  number  of  balls  in  an  incomplete  pile. 

RULE. 

From  the  number  in  the  whole  pile,  confidered  as  complete, 
fubtra6t  the  number  in  the  pile  which  is  wanting  at  the  top, 
(both  computed  by  the  rule  for  their  proper  form)  and  tlic  re- 
mainder is  the  number  in  the  broken  pile. 

EXAMPLE.  I. 

Required  the  number  of  balls  in  the  incomplete  triangular 
pile,  one  fide  of  the  bottom  courfe  being  30  and  the  uppermoil 
courfe  21. 

To  find  the  pile  complete.  To  find  the  pile  at  the  top. 

30  20 

31  21 

930  '  420 

32  22 

1 86a  840 

2790  840 


6)29760  6)9240 

4960 
'540 

Jnf  3420  balLs^ 


4960  1540 

1540 


Ex. 
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EXAMPLE  ir. 
To  find  the  number  of  balls  in  an  incomplete  fquarc  pile  o£ 
10  tires,  the  fide  at  the  top  being  20. 


To  find  the  whole  pile. 
29  the  bafe  row. 
30 

870 
S9 

To  find  the  top  one. 

19  the  bafe  row, 
210 

380 
39 

7830 
4350 

6)5  F  330 

3420 
1 140 

6)14820 

2470 
Jfff.  6085  balls. 

2470 

EXAMPLE  IIL 
To  find  the  number  of  (hot  in  a  rectangular  pile  of  1 1  cour- 
fes,  the  bafe  being  30  by  20, 

To  find  the  complete  pile.  To  find  the  pile  at  tof, 

30  19 

90  57 

I  I 

20  9 

71  49 

20  9 

1420  441 

21  I® 


1420   '  6)4410 

2840  — 

735 


6)29820 

4970 
735 


^nf.  4235  balls  in  the  fruftunii 
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Examples  in  praf^ice. 

1.  How  many  (hot  are  in  a  complete  oblong  pile,   whofe 
length  is  32  and  breadth  20  ?  Anf.  5390. 

2.  Required  the  number  of  {hot  in  a  triangular  pile,  the  fide 
of  the  bafe  row  being  42.  Anf.  13244. 

3.  Required  the  number  of  fhot  in  a  fquare  pile,  the  fide  of 
the  bottom  courfc  being  40.  Anf,  22 140. 

4.  How  many  balls  in  an  incomplete  triangular  pile,   the 
fide  of  the  bafe  courfe  being  40  and  top  20  ?        Anf,.  10150. 

5.  Required  the  number  of  balls  in  an  incomplete  triangular 
pile  of  17  courfcs,  the  fide  at  top  being  8.  Anf.  25 16. 

6.  Required  the  number  of  fhot  in  an  incomplete  fquare  pile 
of  1 7  courfes,  the  fide  of  the  bafe  row  being  24.     Anf*  4760. 

7.  How  many  balls  are  in  an  incomplete  oblong  pile,   the 
bafe  being  40  by  20,  r.nd  top  29  by  9  ?  Anf.  6146. 

8.  How  many  (hot  are  in  a  triangular  pile  ©f  2 1  courfes  ? 

Anf  1 77 1. 

9.  How  many  in  a  fquare  pile  of  21  courfes  ?     Anf  33 1 1. 

10.  How  many  balls  in  an  oblong  of  13  courfes,  the  fingle 
row  at  top  being  1 2  balls  'i  Anf  182©. 
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Specific  Gravity, 


THE  abfolute  gravity  of  a  body  is  the  force  with  which  it 
tends  downwards,  and  is  always  proportional  to  the  denfity  of 
the  body,  without  any  regard  to  its  rRagnitude  ;  fo  that  a  pound 
of  cork  is  as  heavy  as  a  pound  of  gold.  But  the  fpecific  gravi- 
ty of  bodies  are  their  relative  weights  under  the  fame  magni- 
tude, and  are  proportional  to  their  denfity.  Thus  a  cubic  foot 
of  lead  is  heavier  than  a  cubic  foot  of  fir  5  for  lead,  being  more 
denfe  than  fir,  contains  a  greater  quantity  of  matter. 

A  cubic  foot  of  water  weighs  1000  ounces  averdupois. — ^Thc 
fpecific  gravities  of  bodies,  their  magnitudes,  and  their  weights, 
may  be  found,  each  from  the  others,  by  the  following  prob- 
lems. 

PROBLEM  I. 

^  0  find  thi  fpecific  gravity  of  a  tody  heavier  than  water. 

RULE, 

Find  the  weight  of  the  body  in  air,  and  alfo  in  water,  and 
their  difference  is  the  weight  loft  in  water.    Then, 

As  the  weight  loft  in  water 
Is  to  the  weight  of  the  body  in  air. 
So  is  the  fpecific  gravity  of  water 
To  the  fpecific  gravity  of  the  body. 

e3;:ample 
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EXAMPLE  I. 

A  piece  of  brafs  weighed  3  cwt.  in  air,  and  only  2  cwt.  2 
qrs.  14  lb.  in  water  •,  required  its  fpecific  gravity* 

The  weight  in  air  336  As  42  :  336  :  :  1000 

The  weight  in  water       294  1000 

Weight  loft  in  water        42  42)336000(8000  Anf. 

000 

A  piece  of  ftcel  weighed  39:5-  lb.  in  air,  and  34;^  lb  when 
weighed  in  water  ;  what  is  the  fpecific  gravity  of  fteel  ? 

Anf.  7850. 

Ex.  3.  A  bar  of  lead  weighed  15  cwt  in  air,  but  only  13 
cwt  2  qrs.  19  lb.  10^  oz-  in  water;  required  the  fpecific  gra- 
vity of  lead.  AnJ,  1 1325. 

PROBLEM  II. 

^ojind  the  fpecific  gravity  of  a  body  lighter  than  water, 

RULE. 

Affix  to  it  a  piece  of  lead,  iron,  or  any  other  body  heavier 
than  water,  fo  that  they  may  fink  together ;  then  weigh  the 
heavier  body,  and  the  compound  mafs,  each  in  water  and 
out  of  water ;  fubtraft  the  diflPerence  of  the  one  from  the  dif- 
ference of  the  other ;  then  fay. 

As  the  laft  remainder 

Is  to  the  fpecific  gravity  of  water, 

So  is  the  weight  of  the  light  body  in  air 

To  its  fpecific  gravity.      * 

EXAMPLE 
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EXAMPLE  I. 

-A  piece  of  afh  weighs  20  lb.  in  air,  to  which  is  affixed  a  piece 
'of  copper,  which  weighs  15  lb.  in  air,  and  134-  lb.  in  water; 
this  compound  weighs  8f  lb.  in  water ;  required  the  fpecific 
gravity  of  the  afh. 


Copper. 


Compound. 


In  air         15 
In  water    i3f 

In 

In 

air         35 
water    84- 

2"6? 

25 

As  25  :  1000  :  : 
20 

26: 

25)20000 

^/jj,      800  the  fpecific  gravity  of  afh. 

Ex.  2.  A  piece  fir  weighs  i  cwt.  2  qrs.  arid  a  piece  flee! 
teing  affixed  which  weighed  3  cwt.  in  air,  but  in  water  2  cwt. 
2  qrs.  I3tV  ^^' »  fuppofing  the  compound  to  weigh  i  cwt.  I 
qr.  16  f  lb.  in  water,  required  the  fpecific  gravity  of  fir. 

Ex.  3.  Suppofe  a  piece  cork  weighs  25  lb.  in  air,  and  that  a 
piece  lead,  which  weighs  100  lb.  in  air,  and  91.17  lb.  in  wa- 
ter, is  fixed  to  it ;  and  that  the  compound  mafs,  being  immer- 
fed  in  water,  weighs  12  lb.  required  .the  fpecific  gravity  of 
cork.  ^nf,  24c. 


R  r 


PROBLEM 


3*6  SPECIFIC  GRAVITY. 


PROBLEM  III. 

A  mixtufe  of  two  ingredients  being  given y  tojind  the  quantity  of 

each. 

RULE. 

t'ind  the  fpecific  gravity  of  the  mixture,  and  of  each  of  the 
ingredients,  and  multiply  the  difference  of  each  by  the  other. 
Then  fay. 

As  the  greateft  product: 

Is  to  each  of  the  lefs  produ£ls. 

So  Js  the  weight  of  the  compound  mafs 

To  the  weight  of  each  ingredient  refpe^tively. 

EXAMPLE  I. 

Suppofe  a  mafs  of  gold  and  filver  weighs  9  lb.  and  that  its 
fpecific  gravity  is  15618,  (the  fpecific  gravity  of  gold  is  19640, 
and  of  filver  1 1091)  required  the  quantity  of  each  ingredient. 


19640 
1 109 1 

19640 
I56I8 

I5618 
II 09 1 

8549 
I56I8 

4G22 
11091 

4527 
19640 

^8392 
8549 

51294 

42745 
8549 

4022 
36198 

40220 
4022 

I8I080 
27162 
40743 
4527 

/IA608002 

880I02S0 

I335I8282 

As  133518282  :  44608002  t  ;  9  :  3  lb.  filver  neaily. 
J335 18282  ;  88910280  ;  :  9  :  6  lb.  gold. 

Ex. 
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Ex.  2.  A  mixture,  whofe  fpecific  gravity  is  8784,  Is  made 
©f  tin  and  copper,  and  weighs  112  lb.;  the  fpecific  gravity  of 
tin  is  7320,  and  of  copper  9000 ;  how  much  of  each  ingredient  ? 

"  100  lb.  copper. 


Anf. 


12  lb.  tin. 


Ex.  3.  A  goldfmith  mixes  18  ounces  gold  with  alloy,  and 
forms  a  mafs  of  24  ounces,  whofe  fpecific  gravity  is  i8oco% 
the  fpecific  gravity  of  gold  is  19^37  ;  required  the  fpecific  gra- 
vity of  the  alloy.  AnJ, 


PROBLEM  IV. 
^Q.find  the  iv eight  af  a  hod^  from  its  magnltiiden 

RULE. 


As  I  cubic  foot 
Is  to  the  content  of  the  body, 
So  is  its  fpecific  gravity 
To  its  weight. 


EXAMPLE  L 


Rc-quired  the  weight  of  a  block  of  marble  6  feet  long,  ^ 
broad,  and  6  Inches  thick. 


Rr  2. 


joS  SPECIFIC  GRAVITY.. 

6  As  1  :  15  :  :  2700 

J  !_£ 

30  13500 

5  2700 


28     4  2a 

15.0.  1^40500(2531(90(22(1 

32        252      8  20 

85         II    10    2 
80  8 

50  2 

20 
16 

4 
Anf,  i  ton,  2  cwt  a  qrs.  1 1  lb.  4  oz. 


Ex.  2.  Required  the  \yeight  of  a  log  of  oak  24  feet  long,  i.^ 
broad,  and  i  foot  thick.  Anf.  18  cwt.  2  qrs.  9  lb.  4  oz. 

Ex.  3.  How  many  deals  fir  will  a  Ihip  of  400  ton  burden, 
carry,  each  being  16  feet  long,  9  inches  broad,  and  6  inches 
thick?  ^  ^/t/I  4344   ?j-. 

Ex.  4.  A  fhip  of^oo  tons  burden  carries  96  llabs  marble^ 
each  1  o  feet  long  and  d  fest  broad  ;  it  is  required  to  find  the 
thicknefs^  u^f-f.  8. 2 96  inches. 


PROBLEM 
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PROBLEM  V. 

^0  find  the  magnitude  of  bodies  from  thsir  weights* 

JtULE. 

Divide  the  weight  of  the  body  in  averdupois  ounces 
by  the  tabular  fpecific  gravities,  for  the  number  of  cvibic  feet. 
Or  fay, 

As  the  fpecific  gravity  of  the  body 

Is  to  its  weight. 

So  is  I  cubic  foot 

To  the  folidity  in  feet, 

EXAMPLE  I. 

How  many  cubic  feet  are  in  a  ton  weight  of  fir  ? 

550  :  35840  :  :  I  :  6s-r\ 

Ex.  2.  Hov/  many  cubic  feet  are  in  a  ton-weight  of  brafs  ? 

Anf.  4.4S. 

Ex.  3.  How  many  cubic  i^eet  in  a  block  common  (lone, 
\^hofe  weight  is  8  ton  ?  Anf  113^  feet= 


f? 
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A  Table  of  Specific  Gravities  of  fever  al  Solids  and 
Fluids, 


brick 

200a 

Very  fine  gold 

19637 

Nitre 

1900 

Standard  gold 

1888B 

Al  abaft  er 

1875 

Guinea  gold 

'7793 

Dry  ivory 

1825 

Moidorc  geld 

17140 

Brim  (lone 

1800 

CHiick-fdver 

1 40 1 9 

Solid  gunpowder 

1-745 

J.ead 

21325 

Alium 

1714 

Fine  filver 

11087 

Sand 

1520 

Standard  ditto 

^^Sl^ 

Pit-coal 

1240 

Copper 

8843 

Pitch                .      - 

1150 

plate  brafs 

8000 

Ebony 

1117 

JSteel 

7850 

Fluman  blood 

1054 

^ron 

7<^45 

Amber 

IQ3P 

Call  iron 

7425 

Cows  milk 

103.0 

Block-tin 

7321 

Sea-water 

1030 

.Speitar 

7o6q 

Goats  milk 

1003 

Lead-ore 

6800 

Pump- water 

1000 

Glafs  of  antimony 

5280 

Spring-water 

999 

Copper-ore 

3775 

Diftiiled  water 

993 

Diamond 

3400 

Proof  of  fpirits 

931 

Clear  glafs 

315^^ 

Dry  oak 

925 

White  marble 

2707 

Gunpowder  (haken 

922 

Black  ditto 

270c 

Pure  fpirits 

865 

Rock  cryftal 

2658 

Afti 

800 

Green  glafs 

2620 

Crabtree 

765 

Cornelian  (lone 

2568 

Maple 

755 

Common  ditto 

2520 

Elm 

600 

Flint 

2542 

Fir 

Sl^ 

Hard  pr.ving  ftpne 

24(^0 

Cork 

240 

Live  fulphur 

20C0 

Air            -         ,    - 

»i 
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C  311  3 


BALLS  AND  SHELLS. 


PROBLEM  I. 

^Tojind  the  weight  of  ajhelly  the  external  and  internal  diameters 

being  given, 

RULE. 

Multiply  the  difference  of  the  cubes  of  the  diameters  la 
inches  by  .14,  and  the  product  gives  the  anfw^r  in  pounds 
nearly. 

EXAMPLE  L 

Required  the  weight  of  an  iron  (liell,  whofe  external  and 
internal  diameters  are  p^  and  7  inches. 


9.8 

7 

598.192 

9.8 

7 

.14 

784 

49 

2392768 

882 

7 

598192 

96.04 

343 

Anf  83.74688  lb. 

9.8 

7683Z 

86436J 

941.192 

343 

J98.i9i 


Ex. 
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Ex.  2.  What  Is  the  weight  of  an  iron  (Hell,  the  external  ani 
internal  diameters  being  13  and  94- inches.  ^«/I  187.546251b. 

Ex.  g.  Required  the  weight  of  an  iron  fhell,  the  diameters 
being  8  and  10  inches.  Anf.  68.32  lb. 

Ex.  4.  Required  the  weight  of  an  iron  {hell,  whofe  diame- 
ters are  lot  and  8  inches.   ^  Anf.  90.3875  lb. 

PROBLEM  IL 

iToJind  how  much  peivder  tvilljill  ajhell. 

RULE. 

Divide  the  cube  of  the  internal  diameter  in  iiiches  by  J  7. 3  ^ 
^e  quotient  gives  the  pounds  in  powder. 

EXAMPLE  L 

What  wdght  of  powder  will  fill  a  fliell  whofe  Internal  dia- 
meter is  7  inches  ? 

49 
^ 7^ 

57-3)343-o(5-986  IK 
2865 

4930 
4584 

3460 
3438 


22 


tx\ 
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Ex.  i.  Mow  much  powder  will  fill  a  fliell  whofe  Internal  di- 
ameter is  94  inches  ?  Anf.  14.962. 

Ex.  3.  How  much  powder  will  fill  a  (hell  whofe  internal  di- 
ameter is  8  inches  ?  Anf^  ^-93  5  lb. 

Ex.  4.  What  weight  of  powder  will  fill  a  fhell  whofe  diame- 
ter is  10  inches  ?  Anf,  17.45  lb. 

PROBLEM  in. 

To  find  thejtze  of  a  fhell  to  contain  a  given  iveight  of  poivdei\- 

RULE. 

Multiply  the  pounds  of  powder  by  57.3,  and  the  cube  root 
©f  the  product  will  be  the  fhell's  diameter  in  inches. 

EXAMPLE  L 

Required  the  diameter  of  a  {hell  that  will  hold  5.986  lb. 

LoGARITHMICALLLY. 

To  the  logarithm  of    5.986  =  0-77714 
Add  the  logarithm  of    57.3  =  1.758 15 

3)2.53529 
The  logarithm  of  of  7  0.84509 

Ex.  2.  Required  the  diameter  of  a  ftiell  that  will  hold 
14.962  lb.  Anf.  9f  inches. 

Ex.  3.  What  is  the  diameter  of  a  fhell  that  will  contain 
8.935  lb.  Anf  8  inches. 

Ex.  4.  A  fhell  contains  dUb.  powder ;  required  its  diameter. 

Anf  7  inches. 

S  s  PROBLEM 
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PROBLEM  IV. 

Tojind  the  diameter  of  an  iroji  hall  from  its  weight, 

RULE. 

An  iron  ball  of  4  inches  diameter  weighs  9  lb.  and  firailar 
folids  are  in  the  triplicaie  rate  of  their  homologous  fides  ;  there- 
fore, if  d  is  the  diameter  and  nu  the  weight, 

3         3 

As  9  :  64  : :  w  :  ^  andy^^  =  d  the  diameter. 

EXAMPLE  L 

Required  the  diameter  of  an  iron  bail  whofe  weight  is  42 
lb. 

9  :  64  :  :  42 

168 

252 


9)2688 


298.6  the  cube  root  of  which  Is  6.684  inches. 

Ex.  2.  What  is  the  diameter  of  an  iron  ball  whofe  weight  is 
521b?  ^^  7- '777  inches. 

Ex.  3.  P.equired  the  diameter  of  an  iron  ball  whofe  weight 
is  36  lb.  An/.  C.3496  inches. 

Ex.4.  Required  the  diameui  of  an  iron  ball  whofe  weight 
is  1 2  lb.  Anf.  4.403  inches. 


PROBLEM 


BAT  LS  AND  SHELLS. 
PROBLEM  V. 

To  find  the  weight  of  an  tronjhot,  Its  diameter  hwg  given. 
RULE. 
As  64  :  9  :  :  d^   :  iu, 
N.  B.  d  and  w  are  the  fame  a$  in  prob.  4. 

EXA.MPLEL 
Required  the  weight  of  a  ball  whofe  diameter  is  6^  inches. 


315 


€4  :  9  •  •  <5-5  ' 

64  :  9  :  :  274.625  : 
9 

64)2471.625(38.619 

£1! 
396 
384 

122 
64 

585 

576 


Ex.  2.  Required  the  weig'^*-  of  an  iron  ball  who^^  d'?imofer 
is  5.03.77  Itnhes-  ^i:\ 

Ex.  i.  Wnt  is   the   weight     f  a  ball  whofe  c\u  . 
6.3496  inches  ?  -<i'•^ 

Ss2  K 
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Required   the   weight  of  an  iron  fhot   whofe  diameter  is 
2.4228  inches.  Atif.  2  lb. 


PROBLEM  VL 

"to  find  the  caliber  cf  a  gun  to  anfiwer  a  hall  of  a  given  iv^e'ight, 

RULE. 

To  the  diameter  in  inches  add  one-twentieth  of  the  fame, 
and  the  fum  gives  the  caHber  for  Enghfh  guns. 

EXAMPLE.  I. 

Required  the  caliber  of  a  42  pounder. 

The  diameter  of  a  ball  of  42  lb.  is      6.684 

33_4 

7.018 

Ex.  2.  Required  the  caliber  of  a  32  pounder.  Anf.  6.410. 
Ex.  3.  Required  the  caliber  of  a  12  pounder.  Anf,  4.623. 
Ex.  4.  Required  the  caliber  of  a  24  pounder.     AnJ,  5.824. 

It  is  cuftomary  in  Britain  to  allow  one-twentieth  part  more 
for  the  diameter  of  the  bore  than  for  the  diameter  of  the  fliot ; 
z.  e,  the  diameter  of  the  bore  is  to  that  of-  the  fhot  in  the  pro- 
portion of  2 1  to  2Q. 
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PROBLEM  VII. 

To  find  how  many  pounds  of  gunpowder  will  fill  a  reBangulav  hx, 

RULE. 

Divide  the  folldity  of  the  box  in  inches,  by  jo,  and  the  quo- 
tient will  give  the  number  of  pounds. 

EXAMPLE  L 

How  much  powder  will  a  box  contain,  whofe  length  is  l^ 
inches,  breadth  lo,  and  depth  9  inches? 

16 
10 

160 
9 

30)^440 
Anf-  46  lb. 

Fx.  2.  How  much  powder  will  a  cubical  box  contain  whofe 
depth  is  i  2  inches  ?  j4n/.  57I-  lb. 

Ex.3.  What  quantity  of  powder  will  fill  a  box  15  inches 
long,  1 2  broad,  and  8  inches  deep  ?  -An/.  46  IJj. 

PROBLEM  ym. 

%ofind  the  fide  of  a  cubical  box  thatfhall  contain  a  given  weight  of 
powder, 

RULE. 


BALLS  AND  SHELLS. 
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RULE. 

Multiply  the  weight  in  pounds  by  30,  and  the  cube  root  of 
the  produ6l  will  give  the  fide  of  the  box  in  inches. 

EXAMPLE  L 

Required  the  fide  of  a  cubical  box  that  fhall  contain  57^  lb. 
powder. 


57.(5 
30 

1728.0(12  lb. 
I. 

300 
60 

728 

4 

364  > 

C2=  )728 

Ex.  2.  Required  the  fide  of  a  cubical  box  to  contain  900  lb. 
powder.  Anf.  30  inches 

Ex.  3.  Required  the  fide  of  a  cubical  box  to  contain  ii2|. 
lb.  gunpowder.  Anf.  15  inches. 

PROBLEM  IX. 

To  find  what  quantity  ofponuder  ivillfill  a  given  cylinder, 
RULE. 

Multiply  the  fquare  of  the  diameter  by  the  length,  and  di- 
vide the  pxodudt  by  38.197  for  the  pounds  of  powder. 

EXAMPLE 


3ao  BALLS  AND  SHELLS. 


EXAMPLE  L 

How  many  pounds  powder  will  fill  a  cylinder  whofe  diamc^ 
ter  is  8  inches  and  the  length  lo  inches. 

8 

lO 


38.197)640.000(16*75  lb« 
38197 

258030 
229182 

288480 
^67379 

211010 
190975 


1003^ 


Ex*  2.  How  much  powder  will  filKa  cylinder  whofe  diame* 
ter  is  10  inches  and  length  16  inches  ?  -A-nf* 

Ex.  3.  Required  the  weight  neceflary  to  fill  a  cylinder  of  8 
inches  diameter  and  ao  in  length*  Anf, 


Diameters 


GAUGING. 


JL  HE  art  of  Gauging  is  that  part  of  the  Mathemati(is  called 
Stereometry y  or  the  meafuring  of  Solids,  becaufe  the  capacity  of 
all  veflels  ufed  for  liquids,  &c.  arc  computed  as  if  they  were 
real  folids  And  fince  the  contents  of  all  forts  of  vefiels,  that 
come  under  the  confideration  of  the  gauger,  ate  computed  by 
the  ftandard  gallon  or  bufliel  of  its  kind,  whofe  content  is 
known  to  be  a  certain  number  of  cubic  inches,  all  dimenfions 
ufed  in  gauging  fliould  therefore  be  taken  in  inches  and  deci- 
mal parts  of  an  inch.  > 

The  common  wine  gallon  fealed  at  Guild-hall  in  London, 
contains  23  r  cubic  inches  :  It  is  ufed  for  meafuring  ail  wines, 
brandy,  fpirits,  ftrong  waters,  mead,  perry,  cyder,  vinegar,  oil, 
honey,  &g. — from  which  ftandard  gallon  the  following  table  13 
computed. 


lahlcy>flVme  mcafure. 

Cubic 
inches. 

Gall. 

23  r 

1 

Tierc(? 

9702 

42 

Hogfhl 

M553 

63        If 

J       jPuncheon 

1 



19404 

84 

2 

•t!  ' 

Pipe. 

29106 

126  1  3 

2  !   't 

I 

Tun.  i 

] 

58212!  2c;2    6 

4          3       ■     =1     lI 

Galloiu. 

18  =  I  R unlet. 
31^=  I  Wind  or 
-vinegar  barrel. 


T  t 


The 
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The  gallon,  whether  beer  or  ale,  contains  282  cubic  inches  : 
Fron>  thence  the  following  tables  are  computed. 

1.  Ale  meafure. 

Cubic  inches. 

282=   I  gall.  Note.  A  firkin  of  foap  and 

of  herrings  are  the  fame 

2256=  8=1  firkin.  -  ^ith  that  of  ale. 

4512=16=2=1  kilderkin. 
9024=32=4=2=1  barrel. 
13536=48=6=3=1^=1  hogftiead. 

2.  Beer  meafure- 

Cubic  inches. 

-282=   I  gallon. 

2538=  9=1  firkin. 

5076=18=2=1  kilderkin. 
10152=36=4=2=1  barrel. 
15228=54=6=3=1^=1  hogfliead. 

This  diftin^lion  between  beer  and  ale  meafure  is  attended  to 
in  London,  Edinburgh,  &c« ;  but  in  many  country  places,  both 
in  England  and  Scotland,  the  following  table  is  ufed,  whether 
it  be  fmall  or  ftrong. 

Cubic  irches. 

282=  I     gallon. 

2397=  84^=1  firkin. 

4794=17  =2=1  kilderkin. 

9588=34  =4=2=1  barrel. 

14382=51  =6=3=1- hogfhead. 

The 
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The  ftandard  Wlnchefter  bufhel  *  contains  215042  cubic 
inches,  confequently  the  gallon  mufl:  be  268.8  cubic  inches ; 
Hence  the  following  table  of 

Dry  meafure. 

Cubl  inches. 

268.8=  I  ofallon.  Note.  4  bulhels=a  coomb, 

10  quarters=a  wey,  and 

537.6=  2=   I  peck.  12  weys=a  laft  of  corn. 

2150.4=  8=  4=1  bufhel. 
17203.2=64=32=8  =  1  quarter. 

In  gauging,  All  fuperficies  or  areas  are  ur.derftood  to  be  i 
inch  deep,  otherwife  it  could  not  be  faid  (as  in  the  gauger*s 
language  it  is)  that  the  area  of  any  fquare,  circle,  &c.  is  fo  ma- 
ny gallons. 

Moft  of  the  following  problems  are  fuch  as  have  been  alrea- 
dy propofed  in  the  former  part  of  this  trcatife,  and  are  only 
here  applied  to  pra6lice. 

PROBLEM  I. 

To  find  diviforsy  multipliers,  and  gauge-pointSy  luith  their  ufcs* 

282         cubic  inches  make  i  ale  gallon. 
23 1  cubic  inches  make  I  wine  gallon. 

268  8      cubic  inches  make  i  corn  gallon. 
2150.42  cubic  inches  make  i  corn  or  malt  bufliel. 


*  A  cylindric  bufhel,  i8  one-half  inches  diameter,  and  8  inches  deep,  is  c- 
fteemed  a  legal  Winchefter  bufhel,  according  to  the  flandard  in  his  Majefty's 
Exchequer,  fettled  by  adt  of  Parliament  in  the  year  1697. 

'   Tt2  RULE. 
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RULE. 

Divide  I  by  tliefe  numbers,  and  the  quotient  will  give  equi. 
valent  multipliers,  and  ♦theii  fquare  roots  will  be  the  gauge- 
points  *♦ 

Table  I.  For  right-lined  fur  faces, 

Divifors,  Multiplier'^.  Gauge-points. 


Z%2  A.  G. 

231  W.G. 
2^8.8  C.  G. 
2150.4a  M.  B. 


.007546  A.  G. 
004329  W.G. 
.00372C2  C.  G.  • 
,00046 1,0  M.  B, 


PROBLEM  IL 


16.79  ^'  ^' 
I  i;.i9  W.  G, 
16.39  C.  G 
46.37  M.B, 


^0  find  the  area  of  any  nElangiilar  tun,  back^  or  cooler y  ^c  m  ak^ 
nvine  gallons ^  a  fid  malt  biij}jels» 

RULE. 

Multiply  the  length  by  the  breadth,  (both  being  in  inches) 
and  divide  the  produiSt  by  the  divrfc*'^  or  multiply  it  by  the 
multipliers  in  Table  L  the  refult  muU  be  ale  gallons,  vi'ine  gal- 
lons, corn  gallons,  or  malt  buihels. 

EXAMPLE  L 

jRequIred  the  area  of  a  fquare  cooler,  vidiofe  fide  is  124^^ 
inches,  in  ale,  wine,  corn  gallons,  and  malt  bufliels. 


124.5 


♦  Gaiigc-points  are  the  fides  of  fcjuares  whofe  area  is  i  gallon,  i  bulhel,  &c- 
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124,5X124.5  =  ^S5^^'^5 
FIrft  by  divifion,  then  by  multiplication. 


282)' 5500.25(54.96  A.G. 

231)15500.25(76. 10  WG. 

268-8: i55'^o.25- 57.66  C.G 

250-42)1 550Q.25',7. 209  M.B. 


15500.25  X. 003546=54.96  A.  G 
15500.25  X  c 04329=76. 10  W.G 
15500.25  X. 0037^02=57. 66  CG 
i55oc.25X.ooo465o=  7,209MB 


Thefe  areas j  being  multiplied  by  the  depth,  produce  the  con- 
tent of  the  whole  veffel. 

Ex.  2.  A  veffel  in  the  form  of  a  reftangle,  232  inches  in 
length  and  64  in  breadth,  what  is  its  area  in  ale,  wine,  corn 
gallons,  and  malt  bufliels  ? 

Jn/.  52.652   ale   gallons,  64.277  wine  gallons,  55.238 
corn  gallons,  and  6.904  malt  bufhels. 
Ex   3 .  Suppofe  the  length  of  a  brewer's  tun,  back,  or  cool- 
er, be  2177  inches,  and  its  breadth  85-f  inches,  required  its  a- 
rea  in  beer,  wine,  corn  gallons,  and  malt  bufhels. 

j^fTf  66.014  ale  gallons,  80.59  wine  gallons,  69.0200181 
gallons,  and  8.6  malt  bufhels. 
Ex.  4    Required  the  area  of  a  fquare  back,  whofe  fide  is  30 
inches,  in  ale,  wine  gallons,  and  malt  bufhels. 

^nj.  3.19  ale  gallons,  3.89  wine  gallons,  and  .418  malt 
bufhels. 

By  the  Aiding  rule. 

Set  the  divifor  upon  B  to  the  fide  of  the  fquare  on  A,  and  a- 
gainft  the  fide  of  the  fquare  on  B  you  have  the  content  on  A, 
in  ale,  wine,  corn  gallons,  or  in  malt  bufhels,  in  terms  of  the 
divifor. 

If  the  tun,  back,  &c.  be  a  reftangular  oblong,  fet  the  pro- 
per divifor  on  B  to  the  breadth  ®n  A,  then  ^gainft  the  length 
on  B  is  the  content  on  A,  as  above. 

PROBLEM 
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PROBLEM  III. 

To  find  diviforsy  multipliers,  and  gauge-poiuts  for  circular  areas, 

RULE. 

Divide  282,  231,  268.8,  and  2150.42  *,  by  .7854,  (the  area 
of  a  circle  whofe  diameter  is  i )  and  the  quots  will  be  a  fet  of 
divifors  ;  and  divide  .7854  by  the  fame  numbers,  the  quot  will 
give  a  fet  of  multipliers  as  exhibited  in  the  following  table. 
Alfo  the  fquare  roots  of  thefc  divifors  will  give  their  refpe<Slive 
gauge-points  f . 

Table  IL  For  circular  areas. 


Divifors. 


MultipUers. 


35905 
294.12 
342.24 
2737- 


A. 

G.  1 

W.G.  1 

C. 

G. 

M. 

B. 

.00278 

.0034 

.00292 
.000365 


A.  .G 
W.G. 
C.  G. 

M.  B. 


Gauge-points. 


18.95 
17.15 
58.5 
22.32 


A.  G. 
W.G. 
C.  G. 

M.  B. 


PROBLEM  IV. 

To  find  the  area  of  a  circle  in  ale,  luine,  corn  gallons,  and  malt 
bujhels, 

RULE. 


*  In  pradlice,  the  decimal  part  is  negleded,  2150  being  reckoned  fufficient- 
ly  accurate  :  We  fhall  therefore  only  ufe  the  integer  for  the  future.  The  fame 
is  to  be  obferved  of  the  divifors  in  the  preceding  table. 

f  The  gauge-point  for  circular  areas  is  the  diameter  of  a  circle  whofe  area, 
at  I  inch  deep,  is  I  gallon,  i  bufliel,  &c. 
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RULE. 


Divide  the  fquare  of  the  diameter  by  the  divifors,  or  multiply 
the  fame  fquare  by  the  multipliers,  the  refult  will  be  the  area 
in  ale,  wine,  corn  gallons,  or  malt  bufhels. 

EXAMPLE  I. 

Required  the  area  of  a  circle,  whofe  diameter  is  80  inches, 
in  ale,  wine  gallons,  and  malt  bufliels. 

80X80  =  6400. 

Firft  by  divifion,  then  by  multiplication* 

35916400(17.827  A.  G.       6400  X   .00278=17.792  A.  G. 
294)6400(21.768  W.  G.       6400X     .0034=21.76    "W.  G. 
2737)64oo(  2.338  M.  B.        6400 X. 000365=2. 336    M.  B. 

Ex.  2-  Required  the  area  of  an  ellipfe,  whofe  diameters  are   , 
1737  and  90,  in  ale,  wine  gallons,  and  malt  bufhels. 

i73tX90  =  15600, 
This  may  be  reckoned  as  the  fquare  of  the  diameter  in  circular 
lurfaces. 

Firft  by  divifion,  then  by  multiplication. 

359)15600(43.4       A.  G.  I  15600X00278  =43.4     A.  G. 
294)15600(53.06    W.  G.    15600 '<  0034     =53.0    W.  G. 
2737)1.5600(5.7        M.  G.  I  15600x000365=5.7       M.  B. 

Required  the  area  of  a  circular  back,  whofe  diameter  is  50 
inches,  in  ale,  wine  gallons,  and  malt  bufhels. 

An/.  0.95  ale  gallons,  8.5  wine  gallons,   and  .91  malt 
bufhels. 

By 
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By  the  fiidiiig  rule. 

Set  the  divifor  upon  B  to  the  diameter  on  A,  and  again fl  the 
diameter  on  B  is  the  area  on  A. 


Superficies  having  already  been  fo  largely  treated  of,  it  will 
perhaps  be  thought  needlefs  to  give  rules  for  each  particular  fi- 
gure. 

In  general,  the  area  of  any  back,  tun,  or  cooler,  or  of  any  o- 
ther  veflel,  may  be  obtained  thus  : — Find  the  area  of  its  bot- 
tom or  top* by  the  rule  for  its  proper  form,  and  divide  this  area 
(in  fquare  inches)  by  the  divifors,  or  multiply  by  the  multipli- 
ers in  Table  I.  of  right-lined  furf aces,  and  the  refult  will  be  the 
areas  in  ale,  wine,  corn  gallons,  or  malt  bufhels. 

But  when  the  vefiei  is  of  a  polygonous  form,  the  following 
method  is  one  of  the  moil  pradical : — Divide  it  into  triangles, 
by  the  help  of  a  chalk'dline,  fuch  as  carpenters  ufe,  by  ftriking 
diagonals :  And,  having  found  the  diagonals,  the  perpendicu- 
lars may  be  afcertained  thus  : — Fix  one  end  of  the  chalk'd  line 
in  one  of  the  angles  ;  move  it  to  and  fro  upon  the  ftretch  till 
you  find  the  neareft  diftance  from  the  angle  to  the  fide  which 
fubtends  it,  there  ftrike  a  line.  In  like  manner  find  the  other 
perpendiculars ;  then,  by  a  fcale  of  inches  and  decimals  of  an 
inch,  meafure  the  perpendiculars,  and  the  diagonals  or  fides  on 
■which  they  fall.  Compute  the  area  of  each  triangle  feparately, 
and  divide  or  multiply  their  fum  as  above,  for  gallons  and  bufh- 
els refpe£tively. 

Examples 


^  The  veffel  is  here  fuppofed  to  bs  of  equal  width  from  top  to  bottom. 
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ExAMPLESj^r  praEi'ice, 

EXAMPLE  I. 

How  many  ale,  wine  gallons,  and  malt  bufliels  are  in  the  a- 
rea  of  a  rhombus,  whofe  fide  is  60  inches,  and  perpendicular 
breadth  50  inches  ? 

Anf.   10.63  ^'^  gallons,  12.  98  wine  gallons,  and   1.395 
malt  budiels. 
Ex.  2.  How;  many  ale,  wine  gallons,  and  malt  bufliels  are  in 
the  area  of  a  fe^langle,  whofe  length  is  96  inches,  and  breadth 
50  inches  ? 

Anf.   17.02  ale  gallons,  20.779  wine  gallons,  and  2.23 
malt  bufhels. 
Ex.  3.  How  many  ale,  wine  gallons,  and  malt  bufhels  are  in 
the  area  of  a  rhombus,  whofe  length  is  120  inches,  and  perpen- 
dicular breadth  100  inches  .^ 

Anf.  42.55  ale  gallons,  51.948  wine  gallons,  and  5.58 
malt  bufhek. 
Ex.  4.  How  many  ale,  wine  gallons,  and  malt  bufhels  are  in 
the  area  of  a  triangle,  whofe  three  fides  are  80,   100,  and  60 
inches  ? 

-^///i  8.51  ale  gallons,   10.389  wine  gallons,  and   1.116 
malt  bufliels. 
Ex.  5.  How  many  ale,  wine  gallons,  and  malt  bufhels  are  in 
the  area  of  a  triangle,  whofe  bafe  is  25  inches,  and  perpendicu- 
lar 24  inches  ? 

AnJ.  1.0638  ale  gallons,   1*2987  wine  gallons,  and  .1395 
malt  bufhels. 
Ex.  6.  How  many  ale,  wine  gallons,  and  malt  bufhels  are  in 
the  area  of  a  trapezoid,  whofe  parallel   fides  are   120  and   80 
inches,  and  their  perpendicular  diflance  50  inches  .'' 

Anf.  17.73  ^^  gallons,  21.645  wine  gallpns,  and  2.325 

malt  bufliels. 

XJu.  Ex^ 
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Ex,  7.  How  many  ale,  wine  gallons,  and  malt  bufhcls  arc  it^ 
the  area  of  a  trapezium,  wliofe  diagonal  is  175  inches,  and  per- 
pendiculars  falling  upon  it,  from  the  oppofite  angles,  80  and 
1 20  inches  ? 

^/^  62.056  ale  gallons,  75.757  wine  gallons,  and  8.13 
malt  bufliels. 
Ex.  8.  How  many  ale,  wine  gallons,  and  malt  bufiicls  are  ik 
tile  area  of  a  pentagon,  whpfe  fide  is  20  inches  ? 

Jnf.  2.44  ale  gallons,  2.978  wine  gallons,  and  .32  malt 
bufliels. 
Ex.  9.  How  many  ale,  wine  gallons,  and  malt  bufliels  are  in 
a  hexagon,  whofe  fide  is  20  inches  ? 

jinf'  3.686  ale  gallons,  4.498  wi^e  gallons,  and  .4831 
malt  bufliels. 
Ex.  10.  How  many  ale,  wine  gallons,  and  malt  bufliels  arc 
in  a  circle  whofe  diameter  is  40  inches  ? 

jlnf.   4.456  ale   gallons,  5.44   wine   gallons,  and  .584 
malt  bufhels. 
Ex.*ii.  How  many  ale,  wine  gallons,  and  malt  bufliels  are 
in  a  fegment  of  a  circle^  whofe   diameter   is  60  inches,    an4 
height  pf  the  fegment  ;o  inches  ? 

yiti/.  1.449  ale  gallons,  I.769  wine  gallops,  and  .19  malt 
buflaels. 
Ex.  12.  How  many  ale,  wine  gallons,  and  malt  bufliels  are 
in  the  fedlor  of  a  circle,  when  the  arch  is  60  inches  and  rac^s 
50  inches  •* 

^"f- S<i^9  ^^^  gallons,  6.493  ^"9  gallons,  and  .697 
malt  bufliels, 
Ex.  1 3.  How  many  ale,  wine  gallons,  and  malt  bufliels  are 
in  an  cUipfe,  whofe  tranfverfb  and  conjugate  diameters  are  40 
and  30  inches  ? 

Anf.  3.341   ale  gallons,   4.0 S^  wine  gallons,  and  .43 Si 
irialt  biifliels. 

Ex.! 
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Ex.  14.  itow  many  ale,  wine  gallons,  and  malt  bufhels  are 
ki  an  elliptic  fegment,  cut  off  at  the  diftance  of  36  from  the 
Centre,  the  aiis  being  120  and  4©  inches  ? 

Anf,   i.po-^   ale  gallons,  2.32jg    Wine  gallons,  and  .249 
malt  buiheis, 

Thefe  examples  are  fo  eiTentiaUy  rtecelTary  to  the  pra<Sllce  of 
gauging^  that  an  officer  in  the  excife  ought  not  to  be  fatisfied 
With  lefs  than  the  very  principles  on  which  they  are  performed, 
iiefore  hs  venture  upon  the  following  part  of  gauging. 


iPROBLfeM  IV. 

21?  find  the  content  of  any  cube,  paral/eUpiped,  prtjm,  or  of  the 
cylinder f  in  ale^  ivine  gallons^  and  malt  buJheU, 

RULE  L 

Find  the  area  of  the  bafc  In  ale,  wine  gallons,  or  malt  bufli- 
cls,  and  multiply  that  area  by  the  height,  or  depth  ;  the  pro- 
duct will  give  the  content  in  ale  galldns,   &c. 

Rule  2.  Find  the  folid  content,  (in  Inches)  as  taught  in 
Prob.  li.  IV.  offolidsf  and  this  content,  divided  by  the  divifors, 
or  multiplied  by  the  multipliers  in  Table  I.  will  give  the  con- 
tent in  ale,  wine  gallons,  &c. 

EXAMPLE  t 

Ho^  many  ale,  wine  galldns.  and  rtialt  bufhcls  will  a  veflel, 
in  the  form  of  a  parallelopipedon,  contain,  the  length  being  60 
inches,  breadth  50,  and  depth  36  inches  ? 


Uua  Bjr 
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By  Rule  L 

60X50=3000 

282)3000(10.63      A.  G         10*63   X  36=382.68    A.  G. 

231)3000(12.98       W.  G.         12.98   X36=467.28     W.  G. 

2150)3000(1.395      M.  B.  1-395X36=50.22    M.  B. 

By  Rule  II. 

60x50X36=10800 

282)108000(382.97     Content  in  ale  gallons. 
231)108000(467.54     Content  in  wine  gallons. 
2150)108000(50.23     Content  in  malt  buftiels. 
And  fo  of  the  reft. ' 

The  fmall  difference  in  the  anfwers  is  not  to  be  imputed  to 
any  defedl:  in  either  of  the  preceding  rules  ;  for  if  the  quots  are 
extended  to*a  few  more  decimal  places,  the  anfwers  will  agree  to 
the  greateft  "nicety.  In  pra£lice,  however,  it  is  cuftomary  to 
add  1  to  the  integral  part  of  the  anfwer,  when  the  decimal 
exceeds  .5,  and  to  negleiSl  it  when  lefs#  The  fame  is  to  be  ob- 
ferved  of  the  following  examples. 

EXAMPLE  IL 

Required  tlic  content  of  a  cubical  veflel  in  ale,  wine  gallons', 
and  malt  bufhels,  the  fide  being  20  inches. 

Anf.  28  ale  gallons,  35  wine  gallons,  and  4  maltbulhclsw 
Ex.  3.  How  many  ale,   wine  gallons,   will  a  cylinder  con- 
tain whofe  diameter  is  25  inches  and  depth  20  ? 
Anf,  35  ale  gallons,  and  42  wine  gallons. 
Ex.  4.  How  many  buihels  malt  will  a  vefTel  contain  whofc 
bafe  is  a  redtangle  of  50  inches  by  40 1,  and  depth  40  inches  ? 
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fix.  5.  Required  the  ct>ntent  of  a  triangular  piifm,  whofc 
length  is  1 8  inches,  and  one  of  the  fides  25  inches,  and  per- 
pendicular 16  inches,  in  ale,  wine  gallons. 

^nf.  13  ale  gallons  and  15  wine  gallons. 
Ex.  6.  A  cylinder,  whofe  diameter  is  72  inches  and  depth 
48  'y  it  is  required  to  find  its  content  in  ale  and  wine  gallons. 
Anf  693  ale  gallons  and  846  wine  gallons. 
Ex.  7.  How  many  ale,  wine  gallons,  and  malt  bufhcls  will 
a  cylinder  contain,  whofe  diameter  is  ^6^  inches,  and  height 
96  inches  ? 

Anf.  954  ale  gallons,  1042  wine  gallons,  and  112  malt 
bufhels. 
Ex.  8.  A  parallelopipedon  is  40  inches  long,  20  broad,    and 
15  inches  deep  •,  required  its  content  in  ale,  wine  gallons,  and 
malt  bufliels. 

Jnf>  43  ale  gallons,  52  wine  gallons,  and  6  malt  bufliels. 


PROBLEM  V. 

To  find  the  content  of  a?iy  pyramid^  or  af  the  cone,  in  a/e,  'VoUie 
gallons y  and  malt  huj}jels» 

RULE. 

Compute  the  folidlty  of  the  cone  or  pyramid,  in  cubic  inch- 
es, by  Problem  VL  offolidsi  then  divide  this  folidity  by  the  di- 
vifors,  or  multiply  by  the  multipliers,  and  the  refult  will  give 
the  gallons  or  buflieli  required. 

.    EXAMPLE  t. 

How  many  ale,   wine  gallons,  and  malt  bufhels  will  a  coni- 
cal 
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cal  vefTel  contain,  whofe  bafe  diameter  Is  4o  inches,  and  iltl- 
tude  60  inches  ? 

Anf,   89.136  ale   gallons^    108.843  wine  gallons,  and 
11.68  malt  buftielsi 
Ex.  2.  How  many  alcj  wine  gallons,  will  a  veflel,  in  the 
form  of  a  pentagonal  pyramid,  contain,  the  fide  of  whofe  bafc 
is  9®  inches,  and  perpendicular  depth  140  inches  ? 

Anf,  2306.1  ale  gallons  and  2815.2  wine  gallbns. 
Ex.  3.  Required  the   content  of  a  fquare  pyramid,  whofe 
(ide  is  40  inches,  and  height  60  inches,  in  ale,  wine  gallons, 
tind  malt  bufhels  } 

Anf,  113-47  ale  gallons,  138.52  wine  gallons,  and  14.8$ 
malt  buiheis  ? 

PROBLEM  VI. 

^0  find  the  toment  ofthefrujium  of  a  coney  or  any^  pyramid,  in  a/ej 
wine  gallons',  and  malt  bujbels* 

RULE  I. 

For  tU  cone.-^k^A  the  fquare  of  the  two  diameters  to  their 
^roduft,  multiply  the  fum  by  .7854,  and  again  by  -f.  the 
height ;  then  divide  or  multiply  as  in  Table  I.  for  gallons  ot 
bufliels,  as  required. 

RULEIL 

Por  the  pyramid. — Add  into  one  fum  the  area  of  both  ends, 
and  the  mean  proportional  between  them  ;  multiply  the  fum  by 
f  the  height,  and  the  produft  is  the  content  in  cubic  inches  ; 
Isrhich  divided  or  multiplied  by  the  divifors  or  multipliers  in 
^^bfe  L  gives  the  content  in  ^le,  wine  gallons,  &c; 

tXAMPLE 
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example;. 

A  vefTel,  whofe  bafes  are  reclaagles,  the  greater  baf?  loo 
inches  by  70  inches,  the  lefler  bafe  80  by  56  inches,  and  depth 
42  -,  required  the  content  in  ale,  wine  gallons,  and  malt  Bufhr 
e}s. 

Ar^,  847.9  "^^  gallons,  1035.1  wine  gallons,  and  11 1.2 
malt  b^ifliels, 
Ex.  2.  Required  the  content  of  the  lower  fri^ftum  of  a  cpne, 
the  greater  bafe  diameter  being  38  inches,  the  lefs  2of=,  and 
depth  21,  in  ale  gallons.  An[.  51  ale  gallons. 

Ex.  3.  A  fruftum  of  a  cone,  whofe  diameters  are  56.5  inch- 
es and  19  inches,  and  the  height  62  inches,  required  the  con- 
sent in  ale,  wine  gzllone,  and  malt  bufliels. 

^^  266.3  ale  gallons,  325.1  wine  gallons,  and  34-51^ 
inalt  bulhels. 

PROBLEM  VIL 

'Xh.e  divifors  for  aUy  ivinfy  and  mtilt  for  a  cylinder  hdn^  given^  i^ 
find  a  diviforfor  any  of  the  folloivlng  filids  \  namely,  the  globe, 
fpheroidy  parabolic  conoid,  hyperbolic  conoid,  parabolic  fpindle,  and 
cone* 

RULS*. 

Find  what  part  ^acl>  is  of  the  circumfcribing  cylinder  j  then 


*  The  globe  is  -f  of  the  circumfcribing  cylinder — the  fphe- 
rpid  y — ^the  parabolic  conoid  1-r^the  hyperbolic  conoid  ^-x-r^ 
$hs  parabolic  fnindle  tt — ao<i  ^e  cone  f . 
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As  the  numerator 

Is  to  the  denominator, 

So  is  the  ale,  wine,  an^  malt  divifors  of  a  cylinder^ 

To  the  like  divifors  for  the  figures  required. 

EXAMPLE!. 

Required  ale,  wine,  and  malt  divifors  for  the  cone,  thofe  of 
the  cylinders  being  359.05  for  ale,  294.12  for  M^ine,  and 
2737.47  for  malt. 

As  I  :  3  :  :    359-05  :  1077.15     ale  divifors 
1:3::    294.12  :    882.36     wine  divifors. 
1:3::  2737.47  :  8212.41     malt  divifors. 
And  fo  on  for  the  reft* 

EXAMPLE  II. 

A  cone,  whofe  diameter  is  40  inches,   and  altitude  60,  re-*  ^ 
^ired  its  content  in  ale,  wine  gallons^  and  malt  bufliels. 

40  X  40  X  60  =  9600.0 

1077.15)96000(89.1        ale  gallons. 

882.36)96000(108.8     wine  gallons. 
8212.41)96000(1 1.68.    malt  bulhels. 

I  {hall  infift  no  farther  on  thefe  examples  at  large,  becaufe 
what  is  here  fhewn  of  the  cone  is  fufhcient  to  inform  the  mean- 
eft  capacity  how  to  proceed  with  the  other  folids  mentioned  in 
the  problem;  but  fliall  only  ofter  a  few  practical  exerci- 
fes. 

EXAMPLE.  I, 

How  many  ale,  wine  gallons,  and  malt  bufliels  will  a  veflel, 

in 
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in  the  form  of  a  fpheroid,  contain,  whofe  fixed  axis  is  loo,  and 
revolving  60  inches  ? 

Anf,  668.4  ^le   gallons,  816.4  wine  gallons,  and  87.6 
malt  bufhels. 
Ex.  2.  Required  the  content  of  the  parabolic  conoid  in   ale 
and  wine  gallons,  the  height  being  30,  and  diameter  of  its  bafc 

20. 

Anf.  16.7  ale  gallons,  and  20.4  wine  gallons. 
Ex.3.  Required  the  content  of  the  hyperbolic  conoid,  the 
bafe  being  1 00  inches,  and  altitude  60  inches. 

Anf.  696.2  ale  gallons,  and  850  wine  gallons. 
Ex.  4.  Required  the  content  of  a  parabolic  fpindle  whofe 
length  is  60  inches,  and  greatell  diameter  is  64,  in  ale  and  wine 
gallons. 

Anf.  103.02  ale  gallons,  and  125.7  '^'i"^  gallons. 


Inching  Tuns  and  Coolers, 


The  pracbical  method  of  gauging  any  fixed  tun  of  copper, 
and  of  making  a  table  to  fhew  what  it  will  hold  at  every  inch 
deep. 

Firft,  You  mufl  know  that  moll  (if  not  all)  brewers  tuns 
are  fo  fixed  as  to  lean  a  little,  for  conveniency  of  cleanfmg  their 
drink,  which  is  ufually  called  the  dripy  or  full  of  the  tun.  Now, 
the  drip,  or  fall,  is  the  hoof  of  fuch  a  folid  as  th  .^  tun  is  fuppo- 
Ced  to  reprefent.     The  belt  and  readieil  way  is  to  meafure  into 

X  X         '  the 
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the  tun,  when  dry,  fo  much  water  as  will  juft  cover  the  bot- 
tom ;  for  by  this  means  a  level  is  obtained,  by  the  help  of 
which  it  will  be  eafy  to  afcertain  how  far  up  the  lurface  of  the 
liquor  will  reach  when  the  tun  is  full. 

Then  find  the  content  of  that  part  between  the  furface  of  the 
drip  and  the  furface  of  the  liquor,  when  the  tun  is  full ;  to 
which  add  the  drip  or  fall,  and  the  fum  will  be  the  content  of 
the  tun. 

Next,  divide  the  difference  of  the  head  and  bottom  diameters 
by  the  depth,  and  the  quotient  is  a  common  addend  for  i  inch 
from  top  to  bottom,  by  which  you  may  find  the  diameter  in 
the  middle  of  every  lo  inches  of  the  depth. 

Example.  Let  the  bottom  diameter  of  a  conical  vefTel  be 
98  inches,  top  diameter  80,  and  depth  4c  inches  ;  it  is  requi- 
red to  find  how  much  it  will  hold  upon  every  inch,  and  to  ta- 
ble the  fame. 

Bottom  diameter  98  And 

Top  diameter  80  4o)i8.oo(.45  the  addend. 

18 

Now,  5,  15,  25,  and  35  are  the  inches  which  fall  in  the  mid- 
dle of  every  i  o  inches  ;  if  thefe  numbers  be  multiplied  by  the 
addend,  the  produfis  will  fliew  how  much  ought  to  be  added 
to  the  diameters  at  thofe  depths.     Thus, 


.45  -45  -4^  -45 


"^'^  5  '5  25  35 


2.25  6.75  11.25  15.75 


80 
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80  top' diameter. 

2.2c 

:  Gall.        B.     F.      Gall. 

82.25  diameter  at  5  inches  deep,  its  area  is  18.84=0     2     1.84 
80  top  diameter- 

86.75  diameter  at  15  inches  deep,  its  area  is  20.96=0     2     3.96. 
80  top  diameter. 

91.25  diameter  at  25  inches  deep,  its  area  is  23.19=0     2     6.29 
8c  top  diameter. 

95.75  diameter  at  35  inches  deep,  its  area  is  25.53=0     3     0.03 

The  fum  of  thefe  areas  are         88.52 
which,  multiplied  by  10,  gives  885.2  gal- 
lons, the  content  of  the  tun.  • 

Now,  18.84  gallons,  which  is  o  bar  2  fir.  1.84  gall,  is  th© 
common  area  to  the  fir  (I  10  inches  ;  and,  for  the  next  10 
inches,  20.96  gall,  which  is  o  bar.  2  fir.  3-96.  And  fo  on  for 
the  reft. The  operation  will  be  as  follows. 


X  X  2  W/^ok 


34° 
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JFhole  contents 

B.       F.     Gall.       B.  F.  Gall.       B. 

26      o      1.20    18  O  C.96      8 

2  1.84.  -  3-9'^; 


;4   3   {:.02  16   3   1.54 
2   r  84!      2   3.96 


24   {   4.1 8|  16  o  6.08 

2   1.84      2   3.96 


•3  3  2.34 
2  1.84 


23  I  0-50 
2  1.84 


22  2  7.16 

2  1.84 

22  o  5-^2 

2  1.84 

21   2  3.48 

2  1.84 


15   2   2.12 
2   3.96 


4   I   2.70 
2   6.59 


21   O   1.64 
2   1.84 


1.96 


13  1  501 

2  6.ig 

12  3  732 

2  6. 1  9 


12 


6.19 


F.  Gall, 

3  4.18 

2   6.19 


25   I  7-86,  17  1  5.501  8 
2  1.84!    2  3.96 


o  6.49 

2  6.19 

2  0.30 

3  003 

3  -0.27 

3  o°3 


0.24 
C.C3 


14  3  6.66  5 
2  3-9^ 


19  3  4-34 
2  396 


19 

I 

2 

0.38 

3  9<5 

18 

2 

2 

4.92 
.3.96 

j8  o  o  96 


II  2  3.44 
2  6.19 


10  3  5-75 
2 


3  0-15 

3  0^3 

0  0.12 
3  Q-^3 

1  0.C9 
q  o.o^j 


6.191  o 
o 


JO  o  8.06 

2  6.19 

9  2  1.87 

2  6.19 

8  3  4'J8 


2  0.06 

3  Q---^3 

3  0.C3 

3  0'^3 

o  c.oo 
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In.  Bar.  Fir. 
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Gall. 
1.20 
7.86 
6.02 
4.18 

2.34 
0.50 
7.16 
532 
3.4S 
1-64 
8.30 

4-34 
0.3B 
4.92 
0.96 

5-50 
1-54 
6.08 
2.12 
GM 
2.70 
501 
7.32 

1-^3 
3-44 

■5-75 
8.06 
187 
4.18 
6.49 
0.30 
027 
0.24 
J. 21 
0.18 
0.15 
0.12 
0.09 
o.c6 
0.03 
0.00 
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Vi£luallers,  who  brew  but  little  at  a  brewing,  generally 
cool  their  worts  in  tubs.  In  order  to  afcertain  the  quantity  of 
worts,  the  gauger  ought  to  have  the  area  of  each  tub  marked 
upon  it,  otherwife  to  number  the  tubs,  and  enter  the  number 
and  area  of  each  tub  in  his  (lock-book. 

PROBLEM  VIII.     Fig.  u 

To  gauge  a  copper  with  a  r'lfng  croivt^  and  make  athivanrt  for 

the  fame, 

RULE. 

Take  a  fmall  cord  and  let  it  reprefent  the  diameter  of  the 
head,  and,  by  a  plumb-line,  find  Ee,  Gg,  the  greateft  and  leall 
depths  of  the  copper.  Note  Ae,  Find  the  content  of  CDFE, 
confidercd  as  the  fruftum  of  a  cone  \  then  find  the  content  of 
the  crown,  being  reckoned  a  fpherical  fcgment ;  fubtra£t  the 
latter  from  the  former,  and  the  remainder  will  fliew  the  quan- 
tity of  liquor  neceflary  to  cover  the  crown. 

Then  find  the  content  of  the  copper  from  the  crown  up- 
wards, take  the  diameter  of  every  4,  6,  or  10  inches*,  and 
infert  them,  together  with  their  correfponding  areas  (in  barrels, 
firkins,  and  gallons)  in  a  table  ;  then  multiply  each  of  thefe  a~ 
reas  by  their  diftance,  and  the  fum  of  the  produces  will  be  the 
content  after  the  crown  is  covered. 

A  very  good  and  ready  method  to  find  how  much  liquor  will 
cover  the  crown,  is,  to  meafure  in  as  much  water  as  will  jufl 
cover  it. 

EXAMPLE„ 


*  The  more  curved  the  fides  of  the  copper  are,  the  more  mean   ^hzmtttts 
and  areas  you  ought  to  take. 
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EXAMPLE. 

Suppofe  the  figure  ABFE  to  reprefent  a  copper,  and  ExFgE 
its  rifing  crown,    AB=9o,  CD=82,   Ae=5,  it   is   plain   that 

AB — 2  X  Ae=90 — io::;=EF,  Ee=30,  and  Gg=27,  confequent- 
lygx=3. 

To  cover  the  crown. 


In  the  cone  CDFE,  the  diameter  1  Gall.  B  F.  Gall. 
CD=82,  EF=:8o,  and  gx=3,  its  con-  i  54-782  =  i  2  3.778 
tent  in  gallons,  &c.  is  > 

The  bafe  diameter  80,  and  height! 
of  the   crown   3,  its  content  in  ale  >■  26.737  =  o     3      1-235 
gallons,  &c.  will  be  j 

The  liquor  that  will  cover  the  crown -. 

is  -  -  -  -  28.945=0     3     2.543 

The  crown  being  thus  covered,  it  now  remains  to  find  the 
content  of  the  copper  from  the  crown  upwards,  tlie  depth  being 
27  inches.  In  order  to  this,  take  the  diameter  in  the  middle 
of  every  10  inches  from  the  top,  and  infert  each  againft  the 
parts  of  the  depth,  as  in  the  following  table.  Find  the  area  of 
each  in  ale  gallons,  by  Problem  IV.  and  infert  thefe  areas,  each 
againft  its  coirefponding  diameter,  as  in  column  third ;  alfo 
the  contents  of  the  feveral  parts  of  the  depth  are  placed  in  the 
fourth  column.  And  thefe  contents,  being  reduced  to  barrelsj 
firkins,  gallons,  are  inferted  in  the  laft  column,  as  follows^ 


Parts 
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Parts  ot 
depth. 

Diameter. 

Area. 

In  Gall, 

Content  in         j. 
B.     F.       Gall. 

lO 
It) 

7 
3 

88. 

85.5 
52.5 

21.568 

20.36 

18.956 

215.68 

i03.6 
132.692 
28.045 

6     1     3.18 
5     3     8.10 
3     3     $''^9 
0     3     2.54 

To  cover  the  crown. 

Content  of  the  copper 

580.027 

17     0     2.01 

The  content  being  thus  found,  you  may  proceed  to  inch  the 
copper  by  the  fame  directions  which  were  given  for  inching 
tuns  in  laft  problem. 


Cask-gauging. 


Cask-gauging  is  the  moft  difficult  part  of  the  art ;  This 
difficulty  arifes  from  the  variety  of  curves  which  veflels  may 
be  compofed  of.  It  is  alfo  the  moft  imperfect,  and  ever  will 
be  ;  becaufe  no  calk  can  be  made  in  fuch  ftrick  conformity  to 
the  folid  it  reprefents,  as  by  the  rules  of  art  it  is  required  to  be. 
Gangers  have  reduced  all  kinds  of  calks  to  four  forms,  or 
varieties. 

Variety  I.  The  middle  fruflum  of  a  fphcroid — Fig.  2. 
Variety  II.  The  middle  fruftum  of  a  parabolic  fpindle — Fig,  3. 
Variety  III.  The  middle  fruftums  of  two  parabolicc  onoids — 
Fig.  4. 

Variety  IV.  The  middle  fruftums  of  two  cones — Fig.  5. 
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PROBLEM  IX. 

^ojifid  the  content  of  a  cojk^ 

RULE  L 

For  Variety  I.  To  the  fquare  of  the  head  dlametef  add  twice 
the  fquare  of  the  bung  diameter,  then  multiply  the  fum  by  the 
length,  and  divide  the  product  by  1077  for  ale  gallons,  and  by 
882  for  wine  gallons. 

RULE  II. 

For  Variety  II.  To  9  times  the  fquare  of  the  bung  diameter 
add  6  times  the  fquare  of  the  head  diameter,  then  multiply  4- 
the  fum  by  the  length ;  divide  the  produ6l,  as  above,  for  ale 
and  wine  gallons. 

RULE  III. 

For  variety  III.  To  the  fum  and  half  fum  of  the  fquares  of 
the  head  and  bung  diameters^  add  tV  of  the  dilFerence  of  their 
fquares,  then  multiply  the  fum  by  the  length,  and  divide  the  pro- 
duct, as  above,  fos  ale  and  wine  gallons. 

RULE  IV. 

For  variety  IV.  From  the  fum  and  half  fum  of  the  fquares 
of  the  head  and  bung  diameters,  fubtrad  half  the  fquare  of 
their  difference ;  then  multiply  the  remainder  by  the  length, 
and  divide  the  produdt,  as  above,  for  ale  and  wine  gallons. 
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A  general  Rule  for  reducmg  cnfks  io  a  cyUnde}\ 

r  FirH:,  confider  which  of  all  the  four  Varieties  the  propofed 
cafit  refembles,  then  from  the  bung  diameter  fubtra£t  the  head 
diameter,  and  multiply  the  difference  by  .7  for  the  fpheroid, 
by  .6^  for  the  fpindle,  by  .6  for  the  conoids,  and  by  .55  for  the 
cones  -,  add  the  produ6l  to  the  head  diameter,  the  fum  is  a 
mean  diameter,  or  the  diameter  of  a  cylinder  of  equal  content 
and  length  with  the  caflc  propofed. 

EXAMPLE. 

The  length  of  a  caflc  is  40  inches,  bung  diameter  32,  and 
head  diameter  24  inches  ;  required  its  content  in  ale  and  wine 
gallons. 

Case  I.  Suppofe  the  cafk  of  the  firft  form  ;  then. 
By  Rule  I. 


32^  =  1024- 
2 


io77(io4(>6©C98.3  ale  gallons. 
8.82)104960(1 19  wine  gallons. 


2048 
24'=  57^ 


length 


2624 

40 


104960 


32 
24 

8 


By  the  General  Rule. 
5.6+24=2:29.6  the  mean  diameter. 

29.6 X 29. 6 X. 00278X40=97.6  ale  gallons. 
29.6  X  29.6  X -003 4X40=  1 1 9. 1  wine  gallons. 


YJ: 


By 
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By  the  Hiding  rule. 

Set  the  length  of  the  cnflc  in  inches  on  C  to  the  gauge-point' 
on  D,  and  againfl  the  mean  diameter  on  D  you  have  the  con». 
tcrit  on  C 


Case  II.  Suppofe  the  cafk  of  the  fccond  form ;  then, 

By  Rule  IX. 

32^  =  1024  1077)101376.0(94.12  ale  gallon?. 

9  882)101376.0(114.9  wine  gallon^ 

9216 
6X24  =345^ 

5)12672 
2534-4 

101376.0 


•     ^      By  the  general  rule. 

8X.65=5.2  and  24+5.2=29.2  the  mean  diameter.^ 

29.2  '<  29.2 X. 00278  X 40=94.98  ale  pllons. 
29.2X29  2=.<i)034X  40 — 1 1.5-959  wine  gallons. 


Cas% 
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'Case  HI.  Suppofe  the  calk  of  the  thhrd  form  5  theij. 

By  Rule  III. 

32^  =  1024  1077)97760(90.77  ale  gallons. 

24*=  576  882)97760(110-84  wine  gallons. 

1600 

800 

44 


2444 
40 

9776® 


By  the  general  rule. 

8 X. 6=4.8  and  24+4.8=28.8  the  mean  diameter. 

28.8 X 28.8 >c.oo278x 40=  92.4  ale  gallons. 
28.8  X  28. 8  X  .0034   X  40=1 1 2.8  wine  gallons. 

Case  IV.  Suppofe  the  cafk  of  the  fourth  variety. 

32*  =  io24  1077)94720(87.9  ale  gallons. 

24*=  576  882)94720(107.39  wine  gailonsw 

1 600 
800 

2400 

2368 
40 

9472© 


Yfs  ^B? 
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By  the  general  rule. 

8 X. 55=4.4  and  24+4.4=28.4  the  mean  diameter. 

28.4X28.4X. 00278X40=89.8  ale  gallons. 
28.4X28.4X'OC34X40=i09. 69  wine  gillons* 

A  caflc  of  the  ift  variety  is  the  mod  capacious,  and  one  of 
the  4Lh  the  lead  capacious.     The  fpindle  is  mod  ufed. 

We  have  now  fhewn  the  method  by  which  calks  (when  full) 
may  be  gauged,  both  by  the  pen  and  rule.  It  now  remains  to 
point  out  a  method  by  which  calks,  that  are  not  full,  may  be 
gauged,  and  this  is  called  iillaging. 

PROBLEM  X. 

^ojlnd  the  tillage  of  a  cajk, 

A  calk  may  cither  (land  on  its  end,  with  its  axis  perpendicu- 
lar to  the  horizon, ^^'■.  6.  or  ly  with  its  axis  parallel  to  the  ho- 
rizon, fg.  7. 

RULE  I. 

When Jland'mg — Divide  the  wet  inches  by  the  length  of  the 
callc  ;  and,  if  the  quotient  exceeds  .5,  add  4-u  of  the  cxcefs  to 
the  faid  quotient :  but,  if  it  be  lefs  than  .5,  fubtra£t  -j-'r  P^^^  ^^ 
the  deficiency,  fo  will  the  fum  or  remainder  be  a  multipli- 
cand, by  which  if  you  multiply  the  content,  the  producl  will 
be  the  quantity  of  liquor. 

RULE  II. 

"Wi^ien  ly.rg — Divide   the   wet  inches   by  the  bung  diame- 
ter ; 
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ter  *  j  find  the  quotient  among  the  verfed  fines  in  tne  table  of 
circular  {c^^nicnts,  and  multiply  the  correfpondiig  area  by  the 
whole  content  of  the  calk,  and  the  product  gives  the  liquor 
in  the  calk. 


EXAMPLE  I. 

For  a  cq/k  Jlanding* 


Let  the  bung  diameter  be  28 
Head  diameter  -         22 

Length        -  -  32 


Wet  inches 
Dry  inches 
Content 


iS 

60.96  A.  G. 


32)i8.oo(.5625    I  •5<^25 — .5=.o625  excefs. 

.00625  I  -t-^  of  which  is    .oo62j; 


the  multiplicand 


.56875 
60.96 


341250 
511875 
3412500 

34.67 1 ooco         Anf.  34.671  galL  in  the  cafl: 
EXAMPLE  IL 

For  a  cajk  lying. 


Let  the  length  be 
Bung  diameter 
Head  diameter 


20 
16 
12 


"Wet  inches 
Dry  inches 
Content 


6 
10 
12.3 


16 


*  If,  inftead  of  the  wet  inches,  you  divide  by  the  dry,  and  proceed  as  the 
rwle  diredb,  the  r^fult  will  be  vaciiitv. 


^^ 
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120. 
112 

afi?/  3.3  gallons. 


x6)do(.375  correfponding- area    .26001.^ 


12.3 


807039 
538C26 
269013 


The  content     3 '308 85 99 
EXAMPLE  IIL 


Let  the  length  be 
Bung  diameter 
Wet  inches 


32.5 

3t 

10 


Dry  inches  21 

Content  75-37  A.  G. 

Required  the  ullage  (j'ing. 


jifi/.  20.97  ale  gallons  A.G. 
EXAMPLE  lY. 


Let  the  bung  diameter  be 

The  dry  inches 

The  content     108  gallons. 


33 
12 


How  many  gallons  arft 
wanting  to  fill  up 
the  veflel  ? 


^^/  35  gallons. 


NoU,  The  nearer  the  form  of  the  cnflc  approaches  to  a  cy- 
linder, the  more  exaiSl:  will  the  tables  give  the  ullage  ;  but 
when  the  bung  diameter  is  much  greater  than  the  head  diame* 
ter,  the  line  of  fegments  is  truer  than  the  tables. 

By  the  Sliding  rule<. 

When  lying. .  i/?,  Set  the  buiig  diameter  upon  the  line  of" 
humbers  to  loo  upon  the  line  of  fegments  ;  then  againft  the 
wet  inches  on  the  line  of  numbers  is  a  fourth  number  j  ichich 
referve. 

idy  Set  1 00  upon  B  to  the  whole  content  upon  A,  and  a- 
gainfl:  the  refer ved  number  is  the  anfwer. 


JThe 
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V/hen  fianditig*  lA  Set  tKe  length  of  the  calk  on  the  Kne  o^ 
nuflibers,  to  loo  on  the  line  of  fegments;  then  aganft  thq 
wet  inches  on  the  Hne  oi  numbers  is  a  fourth  prgjportional, 
*}juhich  rcferve, 

2d,  Set  ICO  on  B  to  the  whole  content  on  A  j  then  agaliiii 
die  referved  number  on  B  is  the  ullage  required. 

Tc  gauge  a  floor  of  malt ^ 

RULE  I, 

Meafure  the  length  and  breadth  of  the  floor,  and  take  a  nuni-. 
ber  of  depths  by  your  gauging-rod,  and  divide  their  fum  by 
their  number,  the  quotient  will  give  a  mean  depth, 

KULEIL 

Multiply  the  length,  breadth,  md.  depth  continually,  ami' 
divide  the  produ<^-by  2150  •,  the  quotient  gives  the  number  c^- 
!bufliels. 


EXAMPLE, 

A  re£langular  malt  floor  is  490  inches  long,  368  Inches 
^road  3  the  depths,  taken  in  feveral  places,  are  as  follow : 


Inches. 
3-2 
4 
4 

4-i 


Inches, 

5 

6.2 
-     6.7 
Recpired  the  content. 


M 
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For  th^  mean  depth. 

3.2  490X368X5 '^=1009792  cubic  inches* 

4 

4  2150)1009792(469.67  malt  buihels. 

4-5 
'     5 
6.2 

^)33.6 

5.6  mean  depth. 

By  ihe  Sliding  Rule. 

Set  the  mean  depth  on  MD  to  the  length  on  N,  and  againfli 
ihe  breadth  on  the  line  A  is  the  content  on  the  line  B- 
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Sliding  Rule. 


g  HIS  inftrument  is  two  feet  in  length,  much  ufed  in  taking 
dimenfipns,  and  in  calling  up  the  contents.  One  of  its  fides 
is  provided  with  a  Aider,  or  flip,  both  fides  of  which  are  divi- 
ded in  the  fame  logarithmic  manner  with  one  of  the  fides  of 
the  rule.  On  the  other  fide  of  the  Aider  is  another  line,  mark- 
ed the  girt  liney  and  is  ufeful  in  caftijig  up  folids.  Bcfides,  at 
the  divifions  17-J5i  and  18.95,  ^^^  marked  w.  G.  and  a  g.  the 
wine  and  ale  gauge  points,  for  the  purpofe  of  gauging  wine 
and  ale  by  this  rule. 

This  rule  is  fo  well  known,  that  it  is  unneceAary  to  give  a 
tedious  defcription  of  its  properties  or  conftru£lion.  We  fliall 
only  give  a  few  rules  to  fliew  its  utihty. 

Prob.  L      To  multiply  a7iy  t-zuo  ttumhcrs. 

Rule.  Set  i  on  the  fiip  to  one  of  the  f?.£tors  on  the  flock, 
and  over  againfl  the  other  fa£lor  on  the  flip  you  have  the  pro- 
duct on  the  flock. 

Prob.  IL     To  divide  by  the  Jliding  rule, 

RuLEr.  Set  the  divifor  on  the  flip  to  the  dividend  on  the  flock, 
and  againfl  i  on  the  flip  you  have  the  quotient  on  the  flock. 

Z,  z  ^ROE, 
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PROB.  III.     Tofquare  a  number  by  the  Jlide  rule. 

Rule.  Set  i  on  the  flip  to  the  given  number  on  the  ftocfc, 
and  again  ft  the  given  number  on  the  flip  you  have  the  fquar«i 
on  the  {lock. 

Pros.  TV,  '^o  extraEl  thefquare  root  by  thejliding  rule. 

Rule.  Set  i  or  loo  on  the  flip  to  i  or  lo  on  the  girt  linoj, 
and  over  againft  the  given  number  on  the  flip  you  have  the  root 
cm  the  girt  line. 

Prob.  V.  *To  perform  the  rule  of  three  by  thejliding  rule- 

Rule.  Set  the  firft  term  on  the  flip  to  fecond  term  on  the 
ftock,  and  over  againft  the  third  ferrn  on  the  flip  you  have  the 
anfwer  on  the  ftock. 

Prob.  VI.  To  cajl  up  fuperfides  by  thejliding  rule* 

Rule.  Set  the  breadth  in  inches  on  the  flip  to  12  on  the 
ftock,  and  againft  the  length  in  feet  on  the  ftock  you  have  tho 
content  on  the  flip  in  fquare  feet  and  decimal  parts. 

Prob*  VII.  Tojir^d  the/olid  content  offquared  timber* 

Rule.  Set  the  length  in  feet  on  the  flip  to  12  on  the  girfe 
line,  and  againft  the  fide  of  the  fquare  in  inches  on  the  girt  line 
is  the  content  in  folid  feet  on  the  flip. 

'  Prob.  VIII.  Tajind  the  folid  content  of  fourfided  timber^  nvhofe 
bafe  is  an  oblong  ;  that  isj  ivhofe  breadth  is  greater  than  its  thick- 
nefs. 

Rule.  Multiply  the  breadth  by  the  thicknefs  by  Prob.  i. 
an4  extract  the  fquare  root  of  their  produ^Sl  by  Prob.  4.    With 

tflus 
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this  fquare  root,  as  the  fide  of  the  fquare,  work  as  directed  in 
Prob.  7.  and  you  have  the  anfwcr. 


Measuring  of  Board  and  Timber. 
PROBLEM  L 

To  find  the  fupvrficial  content  of  a  hoard  of^ptanki 

RULE  L 

Multiply  the  length  by  the  breadth,  and  the  produ6l  is  tltft 
^rea. 

Rule  2.  If  tlie  board  is  tapering,  add  the  bjeadth  of  both 
ends  together,  and  multiply  half  the  fum  by  the  length  for  the 
area. 

EXAMPLE  L 

Required  the  atea  of  a  plank  15  inches  broad  and  1 8  feet 
long. 

Decimally*         Duo-declmally.  By  Redudlion* 

F.  F.       In.  F.      In; 

Length      18  18     o  1=216 

Breadth  1.25  13  15 

90  18     8  1080 

36  46  216 


16  

' 22     6  Anfi         144)3240(22  feet> 

22.5b  Anfi  288 

360 
288 

12)72(6  inches. 
72 

Z  2  2  B^j 


-.Jm< 
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By  the  Slide  rule. 

Set  15,  the  breadth  in  inches,  on  the  flip,  to  12  on  the  floclc^ 
and  oppofite  to  1 8,  the  length  in  feet,  on  the  llock,  you  have 
22^  feet  on  the  flip. 

Ex.  2.  Required  the  content  of  a  plank  16  feet  3  inchei 
long,  and  1 8  inches  broad.  Anf,  24  feet  4  inch.  6  parts. 

Ex.  3. of  a  plank  22 1  feet  long  igf  inches  broad. 

Anf.  36  feet  1 1  inch.  7  parts  6" 

Ex.  4. ^30-5^  feet  long  and  14  inches  broad. 

Anf.  35  feet  4  inch.  8  parts. 
Ex.  5. — ^25-1  feet  long  and  19  inches  broad. 

Anf, '  39  feet  i  o  inch.  2  parts. 

Ex.  6. 34f  feet  long  arid  21  inches  broad. 

Anf.  60  feet  4  inch.  6  parts* 

Ex.  7. 274  feet  long  and  15^  inches  broad. 

Anf.  35  feet  2  inch.  4  parts  6". 

Ex.  8. 32-rV  ^cct  long  and  13-5;  inches  broad. 

An/.  35  feet  5  inch,  i  part  3". 

Ex.  9. 23-8  feet  long  and  10  inches  broad. 

Anf.  1 9  feet  3  inches  3  parts.  5" 

Ex.  10. 12|  feet  long  and  9  inches  broad. 

Anf  9  feet  2  inch.  3  parts* 

Ex»  II. — TOj  feet  long  and  6  inches  broad. 

Anf.  5  feet  2  inches. 

Ex.  12. ^15-rx  feet  long  and  8-$;  inches  broad. 

Anf.  10  feet  4  inches  5  parts  3". 

Ex.  13. 19-rV  f^^t  ^o"g  ^"^  8  inches  broad. 

^«/i  12  feet  8|-  inches. 
Ex.  14.         29  feet  long  and  22  inches  broad. 

Arf.  53  feet  2  inches* 

Ex.  15. 39f-  feet  long  and  16  inches  broad. 

^-nf.  52  feet  8  inches. 

PROBLEM 
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problem  II. 

Tojindthefolid  content  offquare  timber, 

RULE. 

^Multiply  the  three  dimenfions  continually,  and  the  lafi  pro^ 
<lu6l  will  be  the  folidity. 

EXAMPLE  L 

Required  the  folid  content  of  a  tree   i8  feet  long,  and  tS 
inches  the  fide  of  the  fquare. 


By  Duodecimals. 

Decimally. 

By  Reduaioiu 

F.      In. 

F. 

F.               IH. 

J  8     o  length. 
I     6  breadth. 

18 

1-5 

18=216 
18 

18     0 
9     0 

90 
18 

1728 
216 

27     0 
I     6  thicknefS. 

27.0 

3888 
18 

27     0 
13     6 

1350 

270 

31.04 

3888 

40     6  Anj, 

40.50  Anf, 

1728)69984(40  feet^ 
6912 

144)864(6  inches, 
864 

By  the  Sliding 

rule. 

Set  18  feet,  the  length,  on  the  flip,  to  12  on  the  girt  line, 

and 
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and  againft  i  S,  t^ie  fide  of  the  fquarc,  in  Inches,  on  the  gii?l 
line,  is  404-  on  the  flip,  which  is  the  anfwer  in  feet  and  frac- 
tional parts. 

Ex.  2.  Required  the  content,  when  the  length  is   19  feet^ 
[  fide  of  the  fquare  9  inches.  ^nf.  i  o  feet  8  inch.  6  pts« 

Ex.  3.-- the  length  24  feet,  fide  of  the  fquate  14  inehes. 

jinf.  32  feet  8  inches*  . 

Ex.  4. 237  feet,  fide  of  the  fquare  30  inches. 

An/.  146  feet  lo  inch.  6  pts. 

Ex.  5. I4f  feet,  fide  of  the  fquare  15  inches. 

jinf.  1 7  feet  1 1  inches* 

Ex.  6» 22|  feet,  fide  of  the  fquare  12  inches. 

Jnf.  22  feet  9  inches. 

Ex. '7. 15^  fe^t,  fide  of  the  fquafe  10  iilches. 

Jfif.  ID  feet  6  inch.  4  pts.  8"* 
Ex.  8.—^ — 24tV  feet,  fide  of  the  fquare  2  feet. 

Jf?/.  ^6  feet  4  inches. 

Ex.  9.' ^288-  feet,  fide  of  the  fquare  11  inches. 

Jnf.  23  feet  10  inch.  7  pts.  1"  6"\ 

Ex.  10.- 10  feet,  fide  of  the  fquare  147  inches. 

Jfif  12  feet  I  inch. 

Ex.  1 1 6  feet,  the  fide  of  the  fquare  3  feet. 

Jrjf.  54  feet, 
Ex.  12. — — 8f  feet,  fide  of  the  fquare  14  inches. 

Jnf.  10  feet  11  inches* 

[uarcd  timber,  whofe  breadth  is  greater  than  the  thicknefs^ 
Ty  be  truly  call  ilp  by  the  above  rule  with  as  much  expedition 
as  with  any  other.  Unlkillful  meafurers,  however,  generally 
add  the  breadth  and  thicknefs  together,  and  they  confider  half 
their  fum  as  the  fide  of  the  fquare,  and  work  accordingly  j  but 
this  method  is  falfe  ;  and  the  greater  the  difference  between 
the  breadth  and  thicknefs  is,  the  error  thence  .tefultlng  will  be 

the 
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tlic  more  confid^rable  ;  and  in  every  cafe  of  this  kind  the  re^^ 
fult  is  greater  than  the  truth. 

EXAMPLE  I. 


Required  the  folldlty  of  a  log  whofc  length  is   19^  feet, 
breadth  32,  and  thicknef§  20  inches. 

The  true  method. 


The  common  piethod- 

20 

2)52 

26  fide  of  the  fquare. 
26 

52 

676 
19.5 

3380 
6084 
676 

144)131820(9,1  feet. 
1 296 

222 
144^ 

12)78(6  inches. 

Jl 
6  parts. 


Decimally.       Duodeclmallyi 


F. 

3)^9- 
2 


:i 


390 

3)520 
u6 

520 

t733 

1733 


UM 


F.      In. 

19     6 

2      8 


39 
13 

0 

0 

52 

1 

0 
8 

0 

5» 
34 

0 
8 

0 

0 

86     8    o 


True 

Falfe 


r.      In,    ^ 

86    8    o 
91     6     6 


Error        4   10     6 


By  the  Gliding  rule. 
Set  theiule  and  flip  even  at  the  ends ;  and  over  agalu"ft  the 

^rea 
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area  of  the  bafe  on  the  flip  you  have  the  fide  of  the  fquare  oH: 
the  girt  line  ,  then  the  folidity  is  found,  as  above. 

Ex.  2.  How  many  cubic  feet  are  in  a  log  of  vi^ood  40  feet  6 
inches  long,  the  bafe  being  32  inches  by  20  ?     J^nf.   1 80  feet. 

Ex.  3.  Required  the  content  of  a  log  of  wood,  whofe  length 
is  13X  fset,  and  bafe  10  inches  by  8.     j4n/.  7  feet  4  in.  4  pts. 

Ex.  4.  How  many  cubic  feet  are  in  a  plank    1 2  feet  long,   i 
foot  brop.d,  and  6  inches  thick  ?     u4nf.     6  feet  '   ^v,  r   tiM.. -  • 

Ex.  5.  How  many  cubic  feet  are  in  a  plank  20  feet  long,  the 
bafe  being  30  inches  by  ao  ?  Anf.  83  feet  4  inches. 

Ex.  6.  How  many  cubic  feet  are   in  a  log,  whofe  length  is, 
15.  feet  9  inches,  the  breadth  being  1 2  inches  by  5  ? 

Atif.  6  feet  6  inches  9  pts. 

Ex.  7.  Required  the  folidity  of  a  tree,    10^  feet  long,   the 
feafe  being  15  inches  by  9.  Anf.  9  feet  10  in.  i  prt.  6" 

Ex.  8;  Required  the  content  of  a  log  16  feet  long,  30  inches 
broad,  and  18  thick.  Anf.  50  feet. 

9.  Required  the  folidity  of  a  plank  19  feet  3  inches  long,  9 
inches  broad,  and  6  inches  thick.     Anf  7  feet  2  in.  7  pts.  6". 

Ex.  I  o.  How  many  cubic  feet  are  in  a  plank  1 7  feet  long, 
its  bafe  being  14  inches  by  7  t        Anf  1 1  feet.  6  in.  10  parts. 

Ex.  II.  Required   the  content  of  a  plank  whofe  length  is 
I5t  feet,  breadth  10  inches,  and  thickncfs  8  inches. 

Anf  8  feet  7  inches  4  parts. 

Ex.  12.  Required  the  folidity  of  a  plank  whofe  length  is  19^. 
feet  10  inches,  breadth  15  inches,  and  thicknefs  12  inches. 

Anf  24  feet  9  inches  6  parts. 

PROBLEM  III; 

Xo  find  the  folidity  of  round  or  unfquared  timber' 

RULE^ 
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RULE,  common  ivay. 

Multiply  the  fquare  of  \  of  the  circumference  by  the  lengthf 
and  the  produ6t  will  be  the  folidity. 

EXAMPLE  I. 

Required  the  folidity  of  a  tree  whofe  length  Is  32  feet,  and 
girt  6©  inches. 

Decimally.  Duodecimally* 

F.      In. 
-*;  of  60  is  15^  1.25  32      O 

15  1-25  I     3 

75  625  32     o 

15  250  8     o 

125                                  ^ 

'       225  •  40     o 

32  1.5625  I     3 

450  ■  40     o 

675  31250  1<?     o 

—  46875  - — - 

144)7200(50  feet.  ■•  50     0 

720  50.0000 


By  the  Sliding  rule* 

Set  the  length  in  feet  on  the  flip  to  1 2  on  the  girt  line,  and 
over  againft  the  fide  of  the  fquare,  (which  is  \  of  the  girt)  on 
the  girt  line,  you  have  the  content  on  the  flip. 

Now,  if  we  confider  the  tree  a  cylinder,  its  folidity  may  be 
found  as  follows. 

3  A  aiie 
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The  area  of  a  circle,  whofe  circumference  is  i,  is  .0795775  j 
therefore, 

As  I*  :  0795775  ::3-5oo 
^  3600 

477465600 
2387325 

286.4790000  area  of  the  end, 

32 

5729580000 
8594370000 

144)9107.3280000(63.662 
864  12 


527 

7-944 

432 

12 

• 

953 

11.328 

864 

892 

864 

F. 

ins  Pt* 

288 

True  content 

63 

7    II 

288 

Falfe  content 

50 

0      0 

Error  13     7     11 

By  comparing  the  two  methods  above,  we  fee  that  the  com- 
mon way  is  13  feet  7  inches  11  parts  (which  is  nearly  ^)  lefs 
than  the  true  quantity.  It  is  ftrange  that  a  method  fo  abfurd, 
and  fo  pernicious  in  its  confequences,  (hoUid  ever  be  praciifed. 
The  eafe  with  which  it  is  performed  is  perhaps  the  only  argu- 
ment which  can  be  alleged  for  ufmg  it. — ^The  following  rule 
will  give  the  content  extremely  near  the  truth  :  It  may  be  per- 
formed with  equal  eafe  with  the  falfe  one,  and  (hould  on  that 
account  be  univerfqjly  ufed. 

RULE. 


ARTIFICERS  MEASURING. 
RULE. 


363 


Multiply  the  fquare  of  7  of  the  girt  by  twice  the  length,  and 
the  product  is  the  content  very  near  the  truth  *. 

Circum,  60,  of  which  the  f  is     1 2 

12 


Twice  the  length. 


•     144 
J4 

575 
864 

144^9216(64  Anf. 
864 

51^ 


Ex.  2'   Required  the  content  when  the  girt  is  4  feet  2  inch-. 
cs,  and  the  length  15  feet.  J/if.  20  feet  10  inches. 

Ex.  3.  What  is  the  folidity,  when  the  girt  is  55  inches,  and 
the  length  20  feet  6  inches  ?  Anf  34  feet  5  inch.'  5  pts. 

Ex.  4.  Required  the  folidity  of  a  tree  whofe  girt  i:>  6  feet  8 
inches,  and  length  1 6  feet  4  inches. 

Jnf.  58  feet  o  inch.  10  pts.  8". 

Ex.  5.  Required  the  folidity  of  a  treo^  the  circumference  be- 
ing 30  inches,  and  the  length  6f  feet.      yh/f.  3  feet  3  inches. 

Ex.  6.  Required  the  content  of  a  tree  whofe  girt  is  35  inch- 
es, and  length  1 7  feet  8  inches. 

Anf.  1 2  feet  o  inches  3  pts.  4". 

Ex.  7.  The  girt  is  90  inches,  and  the  length  19  feet,  requi- 
led  the  folidity.  An/.  85  feet  6  inches. 

Ex.  8#  How  many  folid  feet  are  in  a  tree  whofe  girt  is  9^^ 
mches,  and  length  25  feet?         An/.  125  feet  4  inches  apts, 

3  A  2                                        Ex. 
■f '  ■  .. . ,         ■  — ■ — ^ 

•  By  this  rule  thefe  9  example*  are  computed. 
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Ex.  9.  How  many  folid  feet  are  in  a  tree  5  feet  5  inches 
girt,  and  20  feet  long  ?  -^«/I  46  feet  1 1  inches  4  pts« 


■1 


Tapering-Timber. 

Tapering-timber  is  that  which  is  thicker  and  broader  at  the 
one  end  than  at  the  other. 

When  the  tree  tapers  regularly,  the  dimenfions  may  be  ta- 
ken at  the  middle  for  the  mean  dimenfions  ;  or  they  may  be  ta* 
ken  at  both  the  ends,  and  half  their  fum  will  be  the  mean  di- 
menfions. 

If  the  tree  be  very  irregular,  the  dimenfions  ought  to  be  ta- 
ken at  feveral  equidlRant  places,  and  their  fum  divided  :  Or 
the  tree  may  be  divided  into  a  certain  number  of  lengths,  the 
content  of  each  part  found  feparately,  and  their  fum  will  give 
the  content  of  the  whole. 

The  mean  girt  of  round  tapering  trees  is  found  in  the  fame 
manner.  When  trees  have  their  bark  on,  it  is  cyftomary  to 
make  an  "allowance,  by  dedu6ling  fo  much  from  the  girt  as  is 
judged  fufficient  to  reduce  it  to  fuch  girt  as  it  would  have  with- 
out the  bark.  In  oak,  the  allowance  is  generally  4-^  or  ^V  of 
the  girt ;  but  in  elm,  afh,  beech,  &c.  the  bark  not  being  fo 
thick,  the  dedudlion  ought  to  be  lefs. 

EXAMPLE  I. 

A  tapcring-tree,  whofe  length  Is  24  feet,  the  girt  at  the 
greater  end  being  7  feet,  and  at  the  lefs  i  foot  j  it  is  required 
to  find  its  content  according  to  the  true  method,  alfo  in  the 
eommon  way. 
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2^5 


True. 

Common. 

7 

I 

.8 
.8 

The 

4  girt  is  1 
I 

2)8* 
5)4  mean 

girt. 

.64 
48 

I 
24 

*8 

512 
256 

30.72 
12 

24 

8-64 
12 

True 
Common 

F. 
24 

In.    Ptg, 

8     7     8" 
000 

7.68 

Error 

6 

8     7    8 

12 

8  16 

EXAMPLE  II. 

A  tree  is  girt  in  6  different  places,  as  follows  : — In  the  firft 
place,  9  feet;  in  the  fecond,  6  feet  8  inches;  in  the  third,  5 
feet;  in  the  fourth,  4  feet  9  inches;  in  the  fifth,  4  feet  2 
incht  s  ;  and  in  the  fixth,  3  feet  5  inches — required  its  folidity, 
its  length  being  12-1-  feet. 


F.      In. 

9     0 
6     8 

girt. 

i.T  mean  girt. 
I.I 

5     0 
4     9 
4     2 
3     5 

121 

605 

6)72     0 

242 

5)5.5  mean 

30.25 
12 

I'J 

Q.GO     y/;;/!  QO  i 

Masqn- 
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Mason'-Work. 


To  Mafonry  belongs  all  forts  of  flone-work ;  paving  and 
csufewaying  are  meafured  by  the  fquare  yard. 

I^iggi"o  ^^^  foundations  or  vaults  is  eftimated  by  the  folid 
yard. 

Slabs,  chimney-pieces,  &c.  Ijy  the  fquare  foot. 

Stones  for  hewn-vv^ork,  marble  blocks,  columns,  &c.  by  the 
folid  foot ;  but  marble-facings  by  the  fupeificial  foot,  two  inch- 
es being  the  ftandard  thicknefs. 

Hewn-work  is  generally  meafured  by  the  fuperficial  foot. 
The  dimenfions  are  taken  by  a  meafuring-line,  vtrhich  is  bent 
into  all  the  hollows,  and  over  the  projections,  in  order  to  af- 
certain  ttxe  extent  of  furface  which  has  been  fhaped  by  the 
tool. 

Ruble-work  is  eftimated  by  the  rood  of  36 fquare  yards-,  the 
f];andard  thicknefs  is  2  feet ;  and  walls  of  any  other  thicknefs 
ip.ufi.  be  reduced  to  that  ftandard. 

•     The  value  of  materials  is  charged  by  the  folid  meafure,  and 
of  workmanftiij)  by  the  fuperficiai  meafure  *. 

Circular  wor^,  arches,  &c.  are  eftimated  double  meafure. 
Deductions  for  all  vacancies,  fuch  as  doors,  Mandows,  Sec  arc^ 
made  with  regard  to  materials,  but  none  with  legard  to  work- 
man ftiip. 

Different 


*  When  the  thidcnefs  is  unequal  in  diiferent  parts,  ic  muft  be  reduced  to  the 
iTandard  o£oi^feet,bjr  makifig  proper  allowan.."cs  on  fuch  parts  as  are  thicker  or 
thinner  than  others.  For  example,  if  the  gable  of  a  houfe  is  three  feet  thick^ 
fin'4  the  fupcrficiesj  aad  to  this  fupeificies  add  one  half  of  the  fams. 
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l>IfFcrent  -methods  are  ufed  in  different  places  for  taking  the 
■dimenfions  of  a  houfe  j  and  indeed  of  thefe  there  is  fuch  a  va- 
riety, that  fcarcely  any  general  rule  can  be  given.  A  meafu- 
rer,  therefore,  btfore  he  proceeds  to  meafure  a  houfe,  ought 
to  inform  himfelf  as  to  the  nature  of  the  agreement,  the  cuf- 
toms  of  the  place  with  regard  to  the  method  of  taking  dimen- 
fions,  and  of  making  allowances. 

It  is,  however,  a  pretty  general  cuftom  to  add  one  half  the 
thicknefs  to  the  height  of  the  fide  walls,  as  an  allowance  for  the 
extraordinary  trouble  of  levelling,  and  a  foot  for  every  belt. 
This  allowance  is  given  at  the  dated  rate. 

A  gable-end,  where  there  are  no  vents,  may  be  confidered  a 
triangle,  and  meafured  accordingly  ;  but  when  there  are  vents, 
it  is  a  trapezoid,  and  ought  to  be  computed  by  the  rule  for  its 
proper  form. 

Chimney  ftalks  are  meafured  by  multiplying  one-half  thft 
girt  by  the  height. 

EXAMPLE.  I. 

Required  the  folid  content  of  a"  wall  whofe  length  Is  53  feet 
S  inches,  its  height  being  127  feet,  and  thicknefs  3  feeL 

F.      In. 

53     8 

12      6 


644  o 

26  10  9)301^     9 

670  10  36)335     3 

3  o  

— 9  II     3     9 

2)20  [1  6 

1006  3  AnJ.  9  roods  1 1  yards  3  feet  9  inches. 

S-aiS  9  ftandardr 
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Ex.  2.  Kequired  the  content  of  a  wall'  whofe  length  is  6% 
feet  9  inches,  its  height  lo  feet  3  inches,  and  thicknefs  af 
feet.  Jnf.  1556.718  feet. 

Ex.  3.  In  a  chimney-piece,  the  length  of  each  jamb  is  4 
feet  4  inches,  breadth  of  both  together  i  foot  9  inches,  length 
of  the  mantle  ■.  and  flab  each  4  feet  6  inches,  breadth  of  both 
together  3  feet  2  inches — required  the  content. 

jifjf  21  feet  10  inches* 


Bricklayers- WORK. 

In  Scotland,  brick-work  is  meafured  by  the  fquare  yard — in 
England,  by  the  fquare  rod,  which  is  16.5  long,  and  confe- 
quently  contains  272.25  fquare  feet*,  but  272  is  generally  e- 
iteemed  fufficiently  accurate. 

Brick-work  is  of  ftandard  thicknefs,  when  the  wall  is  the 
length  of  one  brick  and  the  breadth  of  another,  thick.  Brick 
walls  of  other  thicknefs  muft  be  reduced  to  that  ftandard  by  the 
following 

RtTLE. 

Multiply  the  fuperficial  content  of  the  wall  by  the  number  of 
half  bricks  in  the  thicknefs  ;  divide  the  product  by  3,  and  the 
quotient  is  the  content,  reduced  to  ftandard  thicknefs. 


EXAMPLE  I 

et'6  Inches  Ion 
high,  and  5^  bricks  (hick-^required  the  coiilEht, 


A  brick  wall  is  36  feet'6  Inches  long,  ^^l/^^7  feet  3  inches 


3^'$ 
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17.25 


1825 

730 
2555 
365 


629.625  content. 
II  half  bricks. 


3)6925.875 

272)2308.625(8  rods. 
2176 

68)132.625(1  quarter. 
68 


64.  AnJ,  8  rods  i  quarter  64  feet, 

Ex.  2.  A  brick  wall  is  84t  feet  long,  17I  feet  high,  and  5t 
bricks  thick — how  many  rods  of  brick  ^ 

Anf.  19  rods  2  quarters  35  feet. 

Ex.  3.  If  each  fide  wall  of  a  building  be  45  feet  long  on  the 
outfide,  each  end  wall  15  feet  broad  on  the  infide,  the  height 
of  the  building  20  feet,  and  the  gable  at  each  end  of  the  wail  5 
feet  high,  the  whole  being  two  bricks  thick — required  the  con- 
tent. Anf.   1 2. 1 76 1. 


Plaisterers  Work. 

Plaisterers  work  is  of  two  kinds,  viz,  plaiftering  upon 
walls,  called  rendering ;  and  plaiftering  upon  laths,  called  Ce'il" 
hg.  Dcdutlians  are  made  for  doors,  windows,  &c.  All  is 
meafured  by  the  fquare  yard. 

3  B  EXAMPLI^ 
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EXAMPLE  I. 

The  length  of  a  partition  is  22  fqet,  and  height  12, — how 
many  yards  of  plaifter-work  are  in  it  ? 

F. 

22 

9)264 

29     3  A)if.  29  {q.  yds.  3  feet. 

Ex.  2.  If  a  ceiling  be  59 1  feet  long,  and  247  feet  broad — ■ 
how  many  yards  ?  An).  162.652  fquare  yards. 

Ex.  3.  How  many  yards,  rendering  and  ceiling,  in  a  room 
28 1  feet  long,  13 f  broad,  and  8  high  ? 

Anf.  1 1 7  yards  3  feet  9  inches. 


Carpenters  Work. 


Carpenters  or  joiners  work  is  that  of  flooring,  roofing, 
partitioning,  &c.  and  is  either  raeafared  by  the  fquare  yard,  or 
by  the  fquare  of  1 00  feet. 

Doors  and  window- fhutters  are  reckoned  work  and  half- 
work.  If  the  door  be  pannellcd  on  both  fides  it  is  efleemed 
double  work.  For  the  architrave,  gird  it  about  the  outmoil 
part  for  its  length  ;  meafure  over  it  as  far  as  can  be  fee%  when 
the  door  is  open,  for  the  breadth.  In  the  meafuring  of  roofing, 
for  workmanflriip  alone,  fky-lights  and  holes  for  chimney-lhafts 
are  deducted  ;  but  when  for  workmanfliip  and  materials  toge- 
ther, no  dedu£iion  is  made. 

Stairs 
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Stairs  may  be  meafured  in  the  following  manner  : — ^Takc 
the  breadth  of  all  the  fteps,  and  make  a  line  ply  over  them 
from  top  to  bottoni ;  multiply  the  length  of  this  line  by  th« 
length  of  a  ftep  for  the  area. 

EXAMPLE  I. 

If  a  floor  is  50^  feet  long  and  28  feet  broad — ^how  nlany 
fquares  ? 

28 

1400 

14 

100)1414 
AnJ,  14  fquares  14  feet;     v 

Ex.  2.  If  a  houfe  within  walls  be  44  feet  6  inches  long,  and  18 
feet  3  inches  broad,  how  many  fquares  of  roofing  v.-ill  cover  it  ? 

Anf.  1 2  fquares  1 8  feet. 

It  is  Guftomary  to  confider  the  roof  as  a  flat,  arid  half  a  flat 
taken  within  walls. 


t;£?^t^^t^^(.^ 


Tilers  and  Slaters  Work. 

The  content  of  a  tiled  roof  is  found  by  multiplying  the 
length  by  the  girt  from  eave  to  ieave  \  and  that  of  a  flatc  roof 
by  multiplying  the  length  by  the  girt  plied  iover  the  eaves>  to 
meet  the  wall  sor  cave  boards. 


3  B  2  lu 
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« 

In  fome  places,  double  meafure  is  allowed  for  hips,  vallies, 
gutters,  &c.  and  no  deduction  for  chimneys. 

EXAMPLE  I. 

A  flate  roof  is  30  feet  long  and  26  feet  over, — how  many 
fquares  are  in  it  ? 

F.     In. 

26  o 

I     6  the  allowance  for  the  eaves. 

27  6 

50  •  o 

ic 0)825     o 

^/jf.  8.  fquares  25  feet. 

Ex.  2.  How  many  fquares  tiling  in  a  roof  35^  feet  deep,  and 
whofe  length  is  48  ?  j^rif  16  fquares  92  feet. 

Ex.  3.  How  much  flating  in  a  pavilion  roof,  with  a  platform 
50  feet  long  and  30  broad  at  the  eaves,  and  30  feet  long  by  10 
at  the  platform  -,  14  feet  from  the  platform  to  the  eaves,  taken 
the  (hortcft  way,  and  1 74  along  the  hips  ? 

Jnf.  5  roods  3 1  ^  yards. 


ttf>>: 


Glaziers  Work. 

Glaziers  take  their  dimenfions  in  feet,  inches,  and  parts. 
All  cincular,  triangular,  &c.  windows,  are  fmeafured  as  if 
they  were  fquares  ;  and  the  greateft  lengths  and  breadths  are 
taken  on  account  of  the  trouble  and  walle  of  glafs  attending 
the  cutting. 

EXAMPLE. 
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EXAMPLE. 

A  houfe  with  3  rows  of  windows,  5  in  a  row,  the  dimen- 
fions  of  the  firft  row  is  6  feet  4  inches  by  4  feet  2  inches ;  of 
the  fecond  row,  5  fleet  9  by  the  fame  breadth  ;  of  the  third,  5 
feet  3  inches,  fame  breadth  ;  alfo  a  femicircular  window  above 
the  door,  v/hofe  height  is  2  feet  j — required  the  expence  of 
glazing,  at  1  s.  per  fquare  foot. 

F.     In.  F.     In.  F.     In.  F. 

<^     4       .  5    ,9  5     3  ^ 

42  42  42  4 


25     4 
I      o 


5 

,9 

4 

2 

23 

0 

0 

1 1 

6 

^ 

'^3 

11 

0 
5 

5 

3 

4 

2 

21 

0  . 

0 

10 

6 

2£ 

10 

6 

5 

26     4 


131   II     4  119     9     6  109     4     6 

Flrftflatis 
Second  ditto, 
Third  ditto. 
That  above  the  door 

3^9     '     4 
Which,  at  is.  per  fquare  foot,  amounts  to  18I.  9s.  lyd. 


F. 

In. 

i3t 

I  r 

4 

119 

9 

6 

109 

4 

6 

8 

Painters  Work. 

Painters  work  is  meafured  in  the  fame  manner  as  that  of 
carpenters ;  and,  in  taking  the  dimenfions,  the  Hne  mull  be 
bent  into  all  the  hollows,  and  over  all  tlie  projedions,  in  order 

to 
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to  afcertain  the  furface  which  has  been  touched  with  the  brulh. 
The  painting  of  the  bars  of  windows  is  reckoned  whole  work, 
it  being  troublefome  j  and  raiUng  a  whole  furface  painted  on 
both  fides.  Doors,  window-fhutters,  &c.  are  reckoned  double 
work.  Deduftions  are  to  be  made  for  chimnies,  cafements> 
&c. 

EXAMPLE  I. 

The  height  of  a  room  is  1 2  feet  9  inches,  circumference  60 
feet  5 — how  many  fquare  yards  of  painting  ? 


12.75 
60 


9)765.00 
Anf.  85  fq.  yards. 

Ex.  2.  The  height  of  a  room  is  1 1  feet  7  inches,  circumfer- 
ence 74  feet  10  inches,  the  door  7  feet  6  inches  by  3. feet  9 
inches,  5  window-ftiuttcrs,  each  6  feet  8  inches  by  3  fcqt  4 
inches,  the  breaks  in  the  windows  14  inches  deep  and  8  fe^t 
high,  the  chimney  6  feet  9  inches  by  5  feet ;  a  clofet,  the 
height  of  the  room,  3-^  feet  deep  and  4  feet  9  inches  in  front, 
with  (lielving,  at  22  feet  6  inches  by  10  inches,  painted  on  both 
fidcs,^— what  will  the  whole  amount  to,  at  6d.  per  fquare  yard  ? 

Anf.  31.  14s.  o|:d. 

c^?^  t^?i  «.<:?^  ttf>> 

Miscellaneous  Questions. 

^lejlion  I. 

"What  will  the  fide  of  a  cube  be,  v/hen  the  furface  and  foli- 
<ljty  are  exprefled  by  the  fame  number  ?  Anf.  6. 

2.  A 
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2.  A  ciflern  25  feet  long,  15  broad,  and  10  feet  deep,  is  to 
be  enlarged,  fo  as  to  contain  four  times  the  quantity,  its  depth 
will  be  74-  feet,  and  the  fides  in  the  proportion  of  3  to  5  ; — re- 
quired the  fides.  Anf.  34.641013,  and  57-735026  feet. 

3.  Required  the  diameter  of  a  globe  equal  to  a  cube,  whofc 
fide  is  6.  '-'  Anf,  7.43. 

4.  Three  men,  Wright,  Smith,  and-Turner,  bought  a  grind- 
ing (lone  of  60  inches  diameter ;  Wright  and  Smith  paid  equal 
Iharcs,  and  Turner  one-half  (hare  *,  each  partner  is  to  grind  the 
ftone  in  his  turn,  firft  Wright,  then  Smith,  and  Turner  laft. 
How  much  of  the  diameter  ought  each  to  grind  down  for  his 
ihare  ?  i  Wrights  13. 5 25  inches 

Anf.   -j  Smith  =19.640 
(^Turner=26.835 

5.  What  is  the  diameter  of  a  cylinder  when  the  cylindric  area 
is  exprefled  by  the  fame  number  with  the  folidity  ?        Anf.  4. 

6.  My  Wright  made  me  a  ladder  of  fuch  a  length,  that,  by 
planting  it  on  a  flreet  70  feet  wide,  it  will  reach  a  window  on 
one  fide  40  feet  high  j  by  turning  it  over,  without  moving  the 
foot,  it  will  do  the  fame  by  a  window  30  feet ; — required  the 
length  of  the  ladder.  Anf.  50  feet. 

7.  My  copperfmith  agreed  to  make  mc  a  flat-bottomed  ket- 
tle, that  fhould.  contain  1 3  i-^  ale  gallons  :  The  depth  of  the 
kettle  is  1 2  inches,  the  top  and  bottom  diameters  are  in  the 
proportion  of  5  to  3  j — required  the  diameters. 

A  r   ^^^^  hc^A  diam.  25  inches* 
•''    (^  The  bottom         15 

8.  What  ought  to  be  the  depth  of  a  tub  whofe  bafe  and     ^ 
head  diameters  are  2q  and  10,  to  contain  9163  folid  inchest 

Atif.  50  inches. 

9.  There  is  a  wall  containing  18225  folid  feet,  the  height  is 
5  times  the  thicknefs,  the  length  is  8  times  the -height; — ^re- 
quired the  thicknefs  of  the  m  all.  Anf.  4.5  feet. 

10.  A  tree  100  feet  high,  {landing,  on  a  horizontal  plane, 

was 
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was  broke  by  a  temnefluoiis  "wind,  fo  that  the  upper. part  of  it 
ftruck  the  ground  30  feet  from  its  root ; — required  the  length 
of  the  part  broke  uir.  Anf.  54^  feet. 

ii.  A  fquare  within  a  circle  contains  16  fquare  yards, — re- 
fjuired  the  area  of  a  fqiiars  circumfcribed  about  the  fame  cir- 
cle Anf.  32  fquare  yards. 

12  The  cubical  ?Itar  at  Delplios  was  i  cubit  j — required  the 
fide  of  the  new  altar,  which  ^yas  to  be  twjce  that  fize,  and  of 
the  fame  form,  Anf.   1.25992 1  cubits. 

13.  The  celling  of  a  room,  at  6^.  per  fquare  yard,  amount- 
ed to  2l-  I  OS.  ;  the  b;readth  is  22f  feet ; — required  the  length. 

Anf,  40  feet. 

14.  A  man  left  two  daughters  ;  ordered  by  his  will  that  the 
eldeft  ihould  have  annually  the  rent  of  a  fquare  field,  and  the 
younger  the  rent  of  a  circular  one  ;  the  rent  of  each  field,  at 
20s.  pir  acre,  would  exa£lly  (Irrround  it  in  fhillings,  allowing 
one  inch  to  each  ihilling ; — required  the  portion  of  each  of  the 
daughters. 

y  ^  CThe  firfl's  annual  income  is  250905L  12s. 

•'*  ^The  fecond,"  -  197061I.  5s.  2d. 

75.  A  gentleman  had  a   garden  furrounded   by  a  terrace 

walk;  thfe  length  of  the  garden  is  500  yards,  and  the  breadth 

400  yards  ;  the  walk  was  equal  to  ^  of  the  garden  ; — required 

the  breadth  of  the  walk,  Anf.  13.6809  yards. 

'  16.  A  gentleman  has  a  garden  100  feet  long  and  80  broad, 
but  intends  to  make  a  walk  half  round  it  tiiat  fhall  take  up  half 
the  ground  ; — required  the  breadth  of  the  walk. 

Ajf.  25.96876. 

17.  The  length  of  a  room  is  40  feet,  and  breadth  30  feet ; 
thecxpencc  of  painting  the  walls,  at  6d.  per  fquare  yard,  is  7I. 
— required, the  height  of  the  room.  Anf.  18  feet  high. 

18.  The  diameter  of  a  malt  bufhel  is  18  inches,  and  its  depth 
8  4^  inches  -,  what  ought  to  be  the  depth  when  the  diameter  is  . 
20  inches  .''  Anf  6.8448  inches, 

19.  Three 
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19.  Three  farmers,  A,  B,  and  C,  had  each  an  equal  {hr>re  of 
a  trlingnlar  -icld,  whofe  bale,  being  a  river,  meafured  half  an 
Engliih»milt\  its  content  being  i2oacrwS:  the  marches  were 
drawn  parallel  to  the  bafe.  Now  C  had  his  fiiare  next  the  ri- 
ver, i3  the  middle  dlvlfion,  and  A  the  reft.  Tiiey  agreed  v/itK 
an  undertaker  to  dig  a  ditch  from  the  top  of  A's  divifion  per- 
pendicular to  the  river  fide.  The  breadth  of  the  ditch  at  a  me- 
dium is  6  feet,  and  depth  /{f  feet.  Required  the  undertaker's 
charge  againft  each  of  the  three  farmers,  at  4d.  per  folid  yard. 

A  pays  3 81.  2S  2 Id. 


ht/.  <  B  pays  15I.  15s.  7  fd. 


A  (^Cpays  12I.  2s.  2d. 

20.  One  horfe  chaife,  in  turning  round  a  ring,  it  was  ob- 
served that  the  outer  wheel  made  three  turns  for  every  two  of 
the  inner  wheel.  The  height  of  the  wheels  being  4f  feet,  and 
dillance  5  feet,  required  the  area  of  the  fpace  or  ring  included 
betwixt  the  traiSls  of  the  wheels.  yinf.  392.7  fquare  feet. 

21.  The  gilding  of  a  ball,  at  3d.  per  fquare  inch,  coft  as 
much  as  the  buying  of  it  at  id.  per  cubical  inch  :  It  is  required 
to  find  its  diameter.  j^nf.  1 8  inches. 

22.  A  cone,  whofe  height  is  40  inches,  is  to  be  divided  into 
three  equal  parts,-  by  fedions  parallel  to  the  bafe  ;— required 
the  height  of  each.  fXhe  upper  part  is  27.73. 

^rif  ^  The  middle  part       7.21. 
LThe  lower  part        5.06. 

23.  What  length  of  a  plank,  that  is  10  inches  broad,  will 
make  4f  fquare  feet  ?  ^nf.  5  feet  4*-  inches. 

24.  What  length  of  a  log  of  wood,  that  is  1 5  indies  broad 
and  1 1  inches  thick,  will  be  equal  to  i  o  cubical  fret  ? 

Jnf  8  feet  8|f  inches. 

25.  What  length  of  a  cord  will  ftrike  oif  one-third  part  of  a 
circular  pond,  whofe  diameter  is  40  yards  ?  ^nf  38.^696  yds. 

26.  Two  men,  A  and  B,  boui{ht  a  round  piece  of  wood,  e- 
quaily  thick  throughout.  A  paid  one-third  fliare,  B  the  reft. 
A  propofes  to  have  a  flip  the  whale  length  of  the  tree,   for  his 

3  C  {hare. 
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ihare. '   At  what  diftance  from  the  centre  muft  the  line   be 
ftruck,  the  diameter  being  40  inches  ? 

y^/i/.  4-j-V  ij^ches,  or  A  will  cut  oW  i5xV  ^^  ^^^  diameter*; 

27.  A  leaden  pipe  of  4  inches  bore  weighs  20  lb.  averdupois 
per  foot  in  length  : — required  the  thicknefs,  the  fptcific  gravity 
qf  lead  being  1  1325.  y^/^/ .3014  inches. 

28.  If  furiilar  folids  be  to  one  another  in  the  triplicate  ratio 
of  their  homologous  fides,  and  the  weight  of  an  iron  ball  of  4 
inches  diameter  be  pi  lb. — required  the  weight  of  a  ball  of  6 
inches  diameter.  ^Jrf.  32.025  lb. 

29.  If  water  iflue  through  an  orifice  with  the  fame  velocity 
that  .a  heavy  body  would  acquire  in  falling  freely  from  the  fur- 
fare  of  the  water  to  the  level  of  the  orifice  -,  and  fuppofing  a 
<hip  to  have  been  bored  through  by  a  3  2  pounder,  8  feet  below 
v.'itcr  ;  it  is  required  to  determine  what  weight  of  water  flie 
will  draw  in  ig  minutes.         Jnf.  13  ton  2  cwt.  3  qr.  24-^  lb. 

30.  .Suppofing  three  wheels.  A,  B,  and  C,  fo  combined  that 
three  revolutions  of  A  -will  drive  B  five  times  round,  and  feven 
revolutions  of  B  will  drive  C  nine  times  round,  it  is  required  to 
find  the  lead  number  of  teeth  necefTary  to  regulate  the  above 
motion.  ^fif.  A  15,  B  9,  and  C  7  teeth. 

31.  Upon  the  fame  fuppofition,  it  is  required  to  determine 
tlie  number  of  rtwolutions  each  muft  take  before  the  fame  teeth 
be  in  conjunction.  Jn/.  A  takes  21,  B  35,  and  C  45, 

.  3i.  A  milftone  of  5  feet  diameter  ftrikes  feconds ;  how 
wiany  miles  would  fhe  run  upon  edge  at  the  fame  rate  in  feven 
fiays?  ^fif  1799  miles  2  f.  g{  p. 

33.  The  fame  conditions  being  given,  in  what  time  would 
file  go  round  the  terraqueous  globe,  its  diameter  being  7958 
miles  ?  j^rf,  97  days  6  hours  20  min   48  fee. 

34.  Suppofing  Loch  Tay  to  be  fupplied  fo  as  to  difcharge  a 
river  1  co  yards  broad  and  3  yards  deep,  flowing  at  the  rate  of 
3  miles  pef  hour,  it  is  required  to  determine  how  i^ar  below  the 

furfacc- 
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furface  an  orifice  of  a  fquare  yard  ought  to  be,  to  difcharge  an 
equal  quantity.  ^uf.  3249  feet. 

35.  The  times  in  which  pendulums  vibrate  are  as  the  fquare 
root  of  their  lengths;  and  if  a  pendulum  of  39.128  inches -vi- 
brate feconds,  how  many  fwings  will  a  pendulum  of  156.512 
inches  take  in  an  hour  ?  -  Ajif.  30. 

36.  Required  the  length  of  a  pendulum  that  \ribrates  half  fe- 
conds. ^^if-  9-78:^  inches. 

37.  My  plumber  has  fold  me  600  yards  leaden  pipes,  of  4 
inches  bore  and  ^  thick,  at  ids.  per  cwt.  ;  at  tht'  fame  time  he 
purchafed  a  garden  in  the  form  of  a  rightangled  triangle,  or 
fuch  dimenfions  that  the  diiTerence  between  the  hypothenufe 
and  the  (-dip.  of  the  two  other  fides  was  50  yards.  I,  being  a 
gardener,  iiave  undertaken  to  make  a  circular  fiOi-pond  in  the 
garden  to  touch  the  three  fides,  at  6d.  per  folid  yard,  and  fmd, 
upon  the  balance,  73L  13s.  9.^.  due  to  him;  required  the 
depth  of  the  pond.  A/jf.  3  yards,  or  9  feet. 

38.  What  length  of  a  ridge  6  ells  broad  will  make  10  falls  ? 

A,:f  60  ells 

39.  If  a  pipe  of  4  Inches  diameter  is  fufficlent  to  fupply  a 
town  with  water,  required  the  diameter  of  a  pipe,  fimilarly  (1- 
tuated  with  the  former,  that  fhail  ferve,  after  the  town  is  en- 
creafed  by  one  half.  j^n/.  4,899  inches. 

40.  The  fanie  town,  after  being  fo  encreafed,  to  fave  expen- 
ces,  intends  to  be  fupplied  from  the  old  pipe  ;  at  what  depth 
in  the  refervoir  muft  it  be  placed,  it  being  formerly  4  feet  deep  ? 

Afif.  9  feet. 

41.  Given  the  two  fides  of  an  acute  angled  triangle  40  and 
60  polts  ;  required  the  included  angle,  and  the  third  fide,  that 
the  triangle  may  contain  4  acres  of  land. 

A7if.  32°  14',  and  33.84  poles. 

42.  Two  porters  agreed  to  drink  off  a  quart  of  (trong  beer 
between  them,  at  a  draught  each.  Now  the  lirfl  having  drank 
till  the  furface  of  the  liquor  touched  the  oppofite  Q<^gt  of  the 

3  C  a  b.ot;o:n 
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bottom  of  the  quart  pot,  and  gave  the  remaining  part  of  it  to 
the  other,  what  was  the  diiTerence  of  their  fliares,  fuppofing 
the  pot  was  the  frultum  of  a  cone,  the  depth  being  5.7  inches, 
the  diameter  at  the  top  3.7  inches,  and  that  of  the  bottom  4.'23 
inches  ?  Anf.  J-oi  cubic  inches. 

43  A  heavy  body  is  dropt  into  an  empty  pit;  ten  feconds 
of  time  elapfed  before  tlie  found  from  the  bottom  was  he-ird. 
It  is  reqiK  'ed  to  find  the  depth  of  the  pit.         Anf.  1273  feet. 

44.  If  a  heavy  fphere,  whofe  diameter  is  4  inches,  be  put 
into  a  conieal  g]:irs  full  of  water,  whofe  diameter  is  5  inches 
and  depth  6  inches,  Iiow  many  cubic  inches  of  water  \v\\\  run 
over?  ^/i/^  26.1674336  inches. 

45.  A  gent'enian  has  a  rectangular  piece  of  grotlid  \'ihich 
he  intends  for  a  bowling-green,  it  being  a  regular  Aclivity  of 
30'',  the  flant  fide  meafured  500  ftei:,  the  other  4^3  feet ;  re- 
quired the  expence  of  levelling  it,  one  part  with  another,  at  3d. 
per  cubic  yard.  Anf.  271  2I.  i®s.  ^fd. 

46.  The  far^ie  bowling-green  being  levelled,  required  the  ex- 
pence  of  drefling  it  at  yd.  per  fquare  foot. 

Anf.  I  oil  17s.  2-8  d. 

47.  An  old  mathematician  bought  a  field  in  the  form  of  a 
parabola,  the  length  of  the  bafe  or  ordinate,  being  300Q  links, 
and  of  the  axis  or  abfclflii  2500.  He  built  a  fummer-houfe  91 
chain-lengths  dtftant  from  the  ordinate,  and  2  chain-lengths 
from  the  abfcifia  ;  and  ordered  by  his  will,  that  the  field  fhould 
be  divided  between  his  two  fons,  by  the  lealt  line  that  could 

'  be  dravvTi  through  the  fummer-houfe,  terminating  both  ways 
by  the  parabolic  curve  ;  required  how  .much  land  each  of  the 
fons  {hall  have,    j  r  ^  rhe  one  will  have  25  ac.  2  r.  16  falls. 
•^'   ^The  other,  24  ac.  i  r.  24  falls. 

48.  If  a  ciftern  can  be  filled  with  water  Irom  one  cock  in  12 
hours,  a.id  from  another  in  8  hours,  in  what  time  will  it  be 
filled  by  both  cocks  running  together  ?    Anf,  4  hours  48  min*. 

49.  The  paving  of  a  fquare  court,  at  6d,   a  yard,  coll  as 

V     '  much 
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much  as  the  inclofing  at  5s.  a  yard ;  lequrred  its  extent. 

Anf.  40  yards. 

50.  An  army  being  drawn  up  in  a  fquare,  there  were  79  o- 
ver  j  but  in  attempting  to  enlarge  each  fide  of  the  fquare  by 
one  man,  there  was  a  deficiency  of  80  ;  required  the  number 
of  men.  Anf.  6 14 1  men. 

5r.  An  oblong  pond  was  furrounded  by  a  terracc^-walk  7 
yards  broad  ;  the  pond,  meafured  1500  fquare  yards,  and  the 
walk  3696  fquare  yards  ;*  required  the  length  and  breadth  of 
the  pond.  Anf.  100  by  150  feet- 

42.  A  gaid^iner  and  his  fervant  being  at  work,  each  digs  a 
fquare  piece  of  ground,  whofe  fide  is  as  many  feet  long  as  the 
hib'jurcr  is' years  old.  The  gardener  digged  foux  times  the 
quantity  the  fervant  digged.  The  fum  of  their  ages  was  45 
year^i  Required  their  ages,  and  the  quantity  dui.^  by  each. 
J  /.  fThe  lad's  age  is  15 — the  gardener's  30  years. 
•''   (The  liid  dug  225  fquare  feet — the  gardener  900. 

53.  A  rt«Slanguiar  plantation  of  360  acres,  contains  4^5600 
trees  j  required  the  diltance  of  the  trees.  Anf  6  feet. 

•     54.   How  many  trees  can  be  planted  in  the  fame  area,  at  the 
distance  of  12  feet  ^  Anf  108900. 

55.  The  fan6luary  at  Butis  in  Egypt  is  formed  of  one  ftone, 
in  tlie  f.-rni  of  a  cube  of  60  feet,  open  at  the  top,  and  hollow- 
pd  fo  as  to  leave  the  ftone  6  fdet  thick ;  required  th?  weight, 
at  the  rate  of  2520  averdupois  ounces /^r  cubic  foot. 

Anf  64394  tons. 

56.  Two  neighbouring  gentlemen,  A  and  B,  had  a  circular 
pi.ct  ground,  containing  785  acres  i  rood  24  poles,  whereof 
A  ii as  two-thirds  and  B  the  refl.  They  agreed  with  a  mafon 
to  build  a  mutual  wall  on  the  march  at  a  guinea  per  yard,  and 
tii^t  each  fliould  pay  the  expence  in  proportion  to  his  fliare  of 
the  ground.  It  is  required  to  find  the  mafon's  charge  againl^ 
each  of  the  gcnticmen.  ^  ^   C  A  pays  1484.4984). 

"''■   ^B  pays    743  259  1. 

^7- A 
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57.  A  circular  pond  occupies  half  an  Englifh  acre ;  required 
the  perimeter  of  a  fquatc  circumfcribed  about  the  pond. 

Anf.  1009  links. 

58.  Three  farmers,  A,  B,  and  C,  had  each  an  inclofure. 
B*s  inclofure  contains  100  Englifh  acres.  A's  inclofure,  and 
that  of  B's,  are  together  if-  times  as  large  as  that  of  C's  j  and 
B*s  and  C's  are  together  3-^:  times  as  large  as  that  of  A's ; — re- 
q^iiired  the  extent  of  A's  and  C's 

Anf.  A  had  60  acres  and  C  1 20. 

59.  Suppofing  A's  inclofure,  as  in  laft  queftion,  to  be  m  the 
form  of  a  rhombus,  and  one  of  its  acute  angles  30°,  required 
the  expence  of  inclofing  it  with  a  wall  6  feet  high,  i^  feet 
thick,  at  5  guineas  per  rood,  ftandard  meafure. 

Afjf.  423  391  guineas. 

60.  The  pit  wheel  of  a  meal-mill  contains  60  cogs,  and 
makes  16  revolutions  in  a  minute.  It  drives  a  trundle  of  8 
teeth.  How  many  revolution^  will  the  ftone  mzke  per  minute  ? 

Anf  1 20  revolutions. 

61.  The  advantage  gained  by  water-falls  of  different  heights 
is  as  the  fquare  root  of  the  heights.  Now,  fuppofmg  a  fall  of 
4  feet  fufficient  to  .overcome  10  cv/t.  3  qr.  7  lb.  of  frI£lion, 
what  friction  will  the  fame  quantity  of  water  overcome  from  a 
fall  of  16  feet  ?  Anf.  1  ton  i  cwt.  2  qrs,  14  lb. 

62.  A  wright  engaged  to  build  a  common  corn-mill  under 
the  following  re{tri61:ions.  The  ftone  muft  revolve  75 .  times 
per  minute  ;  the  trundles  to  have  8  rungs,  the  driver  8c  cogs, 
and  the  fall  16  feet  high.  Required  the  diameter  of  the  water- 
wheel  to  produce  the  greateft  effe^l:  pofTible. 

Anf  13  feet  6  inches  1 1  pts.  8". 
Note.  The  greatefl  eiFc£l  is  obtained  when  the  float-boards 
move  with  one-third  the  velocity  of  the  impinging  fluid. 

63.  A  tapering  round  tree  10  feet  long,  whofe  diameter  at 
th^greater  end  is  3  feet,  at  the  lefs  2  feet,  being  hurled  down 
a  regular  declivity  defcribes  a  fegment  of  a  circle.     How  far 
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diftant  from  the  greater  end  is  the  centre  of  the  fegment  ? 

Anf.  30  feet. 

64.  A  baryel  is  filled  with  pure  fpirits,  and  weighs,  when 
full,  66  lb.  How  many  gallons  does  it  contain,  allowing  6  lb. 
for  the  weight  of  the  barrel  ?  Anf,  8.29  gallons. 

65.  A  column  of  the  atmofphere,  whofe  bafe  is  a  fquare 
inch,  weighs  15  lb. ;  and  fuppofing  the  atmofphere  to  prefs  &- 
qually  in  all  dlre£l:ions, — required  the  preflure  upon  a  middle- 
fized  man,  whofe  furface  may  be  reckoned  16  fquare  feet. 

Anf,  34560  lb* 
6(6.  Suppofe  the  atmofphere,  in  a  mean  ftate,  balance  mercu- 
ry in  the  barometer  apf  inches  high,  required  the  height  to 
which  water  may  be  raifed  by  means  of  a  pump,  the  ftate  of 
the  atmofphere  being  the  fame«  Anf.  34 1^  feet. 

67.  Suppofe  the  earth's  mean  diftance  from  the  fun  is  82 
-  millions  of  miles,  and  goes  round  him  in  365  days  5  hours  4r> 

minutes,  at  what  rate  does  it  travel  per  hour  ? 

Anf,  58776  miles. 

68.  Light  pafles  from  the  fun  to\he  earth  in  8  minutes  15 
feconds  of  time,  and  the  velocity  of  the  earth  in  its  orbit  is 
58776  miles /)^r  hour;  required  the  proportion  they  bear  to 
each  other. 

Anf  The  velocity  of  light  is  to  that  of  the  earth  as 

9y393Tt  is  ^o  979-^- 
6g.  In  what  time  would  the  earth  fall  to  the  fun  at  the  rate 

of  58776  mdes/i^r  hour  ? 

Anf  58  days  3  hours  7  minutes  38  feconds. 

70.  The  paving  of  a  fquare  infcribed  in  a  femicircle,  whofe 
fide  coincides  with  the  diameter,  and  whofe  oppofite  angles  are 
in  the  circumference,  at  ()^.  per  fquare  foot,  coft'331.  15s.  re* 
quired  the  diameter  of  the  circle.  Anf.  22.3606  yards. 

71.  A  triangle,  whofe  three  fides  are  800,  640,  and  360 
feet,  is  infcribed  in  a  circle  j  it  is  required  to  find  the  diame- 
ter of  the  circle.  Anf  820.21 1  feet. 

72.  The 


3^4  MISCELLANEOUS  QUESTIONS. 

72.  The  three  fides  of  a  triangular  pyramid  are  3  f  2,  360  and 
96,  and  altitude  100  feet ;  it  is  required  to  find  the  folidity  of 
a  cone  circumfcrlbed  about  the  pyramid,  and  whofe  altitude  is 
equal  to  that  of  the  pyramid.  Anf  3981978  cubic  feet. 

73.  Required  the  dimenfions  of  a  cone,  whofe  area  of  the 
bafe,  curve  fuperficies,  and  folid  content,  are  in  geometrical 
progrefTion,  and  the  area  of  the  bafe  equal  to  the  rectangle  of 
the'bafe's  diameter  and  axis. 

A^f.  The  diameter  of  the  cone's  bafe  is  24.7036,  and  axis 
19.4022. 

74.  The  area  of  an  equilateral  triangle  being  72»,  required 
flie  fide.  M'  4o.777<5. 

75.  Suppofe  I  have  a  circular  inclofure  of  an  acre  of  ground, 
how  long  ought  a  cord  be,  that,  faftened  in  the  circumfer- 
ence of  the  inclofure  as  centre,  will  ftrike  an  arch  that  wiK  di- 
vide the  faid  inclofure  into  two  equal  parts  ? 

Anf.  45 -47 8.98  yards- 

76.  A  refervoir  is  fupplied  from  a  pipe  of  6  inches  bore. 
How  many  pipes  of  3  inches  bore  will  be  fufficient  to  difcharge 
the  fame  quantity  ?  Anf.  4  pipes. 
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ALGEBRA. 


JtVlgebra  is  a  general  method  of  computation,  by  wIiicK  ma- 
ny ufeful  problems  in  geometry  and  arithmetic  are  folved, 
which,  without  its  aid,  would  be  impofHble.  The  principles  on 
which  the  rules  are  founded  are  fimilar  to  thofe  in  common  a- 
dthmetic. 

Certain  fymbolis  and  chara<^ers  arc  admitted  into  this  fcience, 
to  give  it  that  extent  and  excellence  which  it  poiTefles  above  all 
other  methods  of  computation.  Through  all  the  fteps  of  an 
algebraic  operation,  thefe  fymbols  mjiy  be  fo  conduced  as  to 
be  preferved  diftind.ly  in  view,  with  their  relations  and  affec- 
tions to  each  other,  and  at  lad  to  produce  a  canon,  or  general 
rule,  by  which  not  only  the  queftion  propofed  is  folved,  but 
every  other  queftion  of  the  like  conditions.  Whereas,  in  the 
courfe  of  an  aritlimetical  operation,  the  original  numbers  dif- 
appear. 


NOTATION. 

1. — Algebraic  figns  only  afFetSb  thofe  fymbols  to  which  they 
are  prefixed. 

2.— Quantity  is  that  which  is  made  up  of  parts,  or  is  capable 
of  being  encreafed  by  addition  or  diminifhed  by  fubtra<^ion. 
Hence  a  quantity  may  be  introduced  into  an  algebraic  compu- 

3  D  tation 
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tation  two  cliff'creiit  ways,  either  as  a  decrement,  or  as  an  in* 
crement,  that  is,  as  a  negative  quantity,  or  as  a  pofitive  one. 


SIGNS. 

3*  "^  f plus  J  figmfies  Addition,  or  that  tlve  quantity  t® 
wliich  it  is  prefixed  is  pofitive  *. 

—  (minus)  fignifies  Subtraction,  or  that  the  quantity  to 
which  it  is  prefiixed  is  negative. 

X  fignifies  MultipHcation  f . 

-r  fignifies  Divifion. 

=  Equal  to,  or  the  fign  of  equality. 

^  (the  radical  fign)  denotes  the  fquare  root  of  tlie  quan- 
tity annexed. 

4. — A  quantity  may  be  reprefented  by  any  fymbol  or  charac* 
ter.  It  is,  however,  a  pretty  general  cuftom  to  ufe  the  firft  let- 
ters of  the  alphabet,  «,  h,  c,  &c.  for  known  quuntities,  and  the 
lall  letters,  x^y,  z,  for  unknown  ones.  In  the  foilov/ing  com 
pendium  v/e  will  follow  the  general  method. 

To  examplify  thefe  figns,  let  us  fuppofe  5=3,  ^^=8,  «:=I2, 
J=io,  ^-—4,  w=6,  />=!,  and  j-=5. 
■  5. — Then  the  fum  of  a  and  b  is  reprefented  thus,     a~\'h=ii. 
The  diiTeren<ie  of  d  and  p^  -  -  d~-p=^» 

The 


*  When  no  fign  is  prefixed  to  a  quantity,  -f  is  underftbodr 

f  When  no  fign  is  placed  between  two  quantities,  X  is  un- 
derllood. 
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TOe  product  of  a  multiplied  by  c  *,         -         ily,c  or  dc^i^^. 

d 
The  quotient  of  d  divided  by  j",  -  d-r  s  or— =  2 

s- 

The  fquare  root  of  ^r,  -  -  -  ac^=:i6, 

6.  Plus  and  minus  are  always  oppofed  to  each  other.  Thus, 
if  -f  fignifies  gain,  —  fignifies  lofs ;  if  -f-  fignifies  flock,  — • 
fignifie^  debt ;  if  +  fignifies  a  poOtive  quantity,  —  fignifies  a 
negative  one.     And  fo  on. 

7. — When  letters  are  placed  together  without  any  figu  be- 
tween them,  they  denote  the  rectangle  or  product  of  tlje  quan- 
tities they  reprcfent.     Thus,  the  product  of  ^i  into  ^  is  ab=24* 

A  number  prefixed  to  any  quantity  is  underftood  to  multiply 
the  quantity,  and  is  called  its  co-efficient.    'Thus,  6ii:=\^. 

8. — Divifion  is  often  reprefented  by  placing  the  dividend  in 

the  form  of  a  numerator.,  and  the  divifor  in  that  of  a  dcnomi--. 

h       8 
nator.     ThuS;  h  divided  by  ^2  is  —  =  —  =  2|. 

«       3 

9., — ^The  continual  multiplication  of  quantities,  by  others  of 
the  like  kind  and  dimenfion,  is  called  powers  of  that  quantity, 
and  are  conimonly  exprefled  by  fmall  numbers  placed  at  the 
corners  of  the  letters,  called  indices^  or  exponents.  Thus,  the 
fquare  of  ^3  is  or ,  the  cube  «^>  the  fourth  power  ^*>  &c.  The 
exponent  of  the  original  quantity,  or  root,  is  unity,  and  is  fei- 
dom  or  never  exprefled. , 

10. — Quantities  of  the  like  dimenfions,  which,  by  their  fuc- 
ceiTive  multiplication,  produce  any  given  quantity,  are  called 
roots  of  the  given  quantity.     Thus,  a  is  the  fquare  root  a^. 

3  D  2  ENen-lfa 


*  When  no  fign  is  markcu  between  two  or  more  quantities,  it  denotes  their 
^roduit. 
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Mxercifes  for  praflice^ 

1.  2^+^=2X3+8=14. 

2.  ^r+^=8x  i2+io=io6.. 
^c:       8  X  1 2 

3-     -  = =32- 


4.  cd—am-\-c^z=zi  2  X  10 — 3  X  6+144=2461. 

ad  Qo 

5.  -+^2_32_£_^,^^_^^__8^ 

•^  5 

6.   -  =  i=       .       -        5r 

ADDITION. 
Rule  I. 

1 1. — ^Whcn  the  quantities  are  alike,  and  their  figns  tlie  famr» 
add  the  co-efBcients,  and  to  the  fum  prefix  the  fign,  and  annex, 
the  common  letter  or  letters 

Rule  II.  When  the  quantities  are  alike,  but  their  figns  difc 
ferent,  fubtraiSt  the  lefler  co-efficient  from  the  greater;  to^ 
their  difference  prefix  the  fign  of  the  greater,  and  annex  the 
common  letter  or  letters. 

Rule  III.  When  the  quantities  are  unKkc,  write  them  one 
after  another,  with  their  proper  figns  and  coefficients. 

By  Rule  I. 

Ex.  ly?,  2d,  3^,  4thy 

3^  a-^b  4m — ft  2a* 

4a  30 +  2^  p7t — 3/j  Sa^ 


']a  4a  ■^'^h  9/7? — 411  loa'" 


Rule 


ALGEBRA,  3% 

By  Rule  IL 

— 5/f  2r4^iji  -^ab  •{•2ab — '^de+c 

— «  — 3r-f-i2^  ^ab  — 2>ab — ^de — 3^ 

In  example  8th,  the  articles  are  to  be  arranged,  fo  that  lik» 
may  {land  under  like. 

By  Rule  KL 

Ex.  9/^,  loth,  iiti,  iithf 

a-^b  — a — c  mcd-^  — a-^b-\-c 

Ic-^-b  a-\-d  bc-{-m  b-\-d-\-a 

<x+2^+2^  d — c  -acd'\-^:\-bc^{^in  ^lLb-{<-\-d 

Examples  for  proBici* 


a+b 

2d, 

a — b-\-c             e+a — b 
2b^a+b              d—c-^ 

0^ 

3-^ 

ab+h^ 

Zih, 
7r-^Sd 

^th,                   loth,9 

a?b-^G^             d—'a+b 
— v3+«23           d+a—e 

nth, 

a-^2^-^^ 
ac — c  — 5^ 

'      Ijft        SUBTRACTION, 

3^«  ALGEBRA. 

SUBTRACTION. 

Rule. 

12.    Change  the  figns  of  the  fubtrahcnd,  or  fuppofe  themt 
changed,  thtn  proceed  as.  in  addition. 


7^ 
—6a 

2^, 

Ah. 

3d, 
jb 

4th 
4ab 

13a 

6ar—/3jf 

6b 

^ab+^bc 

t^thy 

a — h 

6th, 
4«c — '5^ 
3ar+5^ 

7th, 

—4^—3^ 
5^+34 

^a-\-2h 

flfc — ^b 

— 7^— 8e 

-3^2+3^ 

Exampksfsr  praBice, 

— 

2d, 
Ac—Sh 

3^> 
a—c-i-  b^" 

12^—12^ 

Phy 

a+b 

a-^b 

6th, 
4ac — ^ab 
2ab—2ae 

The  reafon  of  the  foregoing  rule  is  obvious  ;  for  if  from  any 
quantity  a  decrement  be  fubtracSled,  it  is  the  fame  as  adding  an 
equal  increment.  For  example,  If  a  man  owe  lool.  more  than 
Ins  ftock,  the  flate  of  his  affairs  may  be  reprefented  —  i  col. 
or  he  is  rod.  worfe  than  nothing.  But  if  another  add  lool.  to 
his  flock,  it  is  the  fame  thing  as  taking  away  his  debt,  for  in 
cither  of  thefe  cafes  he  will'  be  worth  nothing. 

MULTU 
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MULTIPLICATION. 

Rule. 

14. — Multiply  the  coefficients,  aod  to  their  product  annex 
the  letters  of  both  fadors  together.  If  the  figns  of  the  fa£lors 
be  like,  the  Cgn  of  their  product  is  + ;  but  if  the  figns  of  the 
factors  be  unlike,  the  fign  of  the  product  is  — . 

Ex.  I  ft,  2d,  3d,  4di. 

'^ab  —a  i^ab  — ^3*^ 

I  oc4  +b  — 8^  — 2^ 

yoabcd  — ab  — 241^0  +6ab 

15. — Powers  of  the  lame  root  are  multiplied  by  adding  iheir 
exponents. 

Ex.  I  ft,  2d,  3d,  4i^i, 

«2  o'b'^r  ab  c^d  a'^b 

n^  a^b^c^  i?b  r,3i-H^       _ 

a*  a'b>c*  a-b^c^d  aH'^c^ 

16.— Radical  quantities,  under  the  like  f.gn,  are  multiplied 
like  others,  and  the  product  is  placed  u  nder  the  fame  fign. 


Ex.  I  ft. 

2'1, 

3<1- 

^7 

a^^Tc 

ab"^ 

3^7 

ry-^aJ 

ab'^J 

3^'^ 

u'-''^abed 

aH^^y 

17. — If  one  or  both  fablers  be  coinpound,  multiply  each 
term  of  the  multiplicand  by  all  the  terms  of  the  multiplier  fuc- 

ceflively 


35^  ALGEBRA. 

cefiively,  and  the  fum  of  the  particular  produ^s  M/ill  be  the  pro- 
du6t  required. 


Ex.  I/, 

ab 

3a+fl*M-tf3J-^8* 
2a 

a+b 

6a^J^2a^b--2aU^^bi6 

^a-i-b 
2a-^b 

6a^-j'2ab 
— 3^Z— ^2 

G2^-^2ab+b^ 

Sth, 
a-^-b-^c 
m — n 

6a^^ab-^b^ 
6th. 
a—b 

am-y?m — cm- 

—an — bn-^-cn      a'^-\-ab 

'^ab-^b'^ 

a^     *     b^ 
or,  a^-^b^ 

18. — ^If  one  of  the  factors  be  a  fra6tion,  multiply  its  nume- 
rator by  the  other  fa£tor,  and  place  the  produdb  over  the  given 
denominator. 


2a  ^ae  35  I2ab 

b  b  b  b 


19. — If  both  factors  be  fractions,  multiply  their  numerators 
for  the  numerator  of  the  produ6t,  and  their  denominators  for 

the 
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th'^  denominator  of  the  product.  If  the  fame  letters  occur  in 
both  numerator  and  denominator,  they  may  be  expunged 
without  altering  the  value. 

Ex.  ift,      --4r^*f4'  2d, 

b        b         b'^  a — b      c     ac — he 


3d,  .      .        *  4th, 

b      ha  c       a         ac         c 


4^      a    /!ifha  a?-     b^    a~b^     ab' 


5th. 
a^.b     a--b^a'^-  b^ 

b--c     T^c     ^— ^» 

^lejlions  for  praBice^ 

Ex. 

1.  multiply  fl+^  by  3<? 

2.  be — 4^  by  3flf 

3.  ti-\-b  by  a  -{-d 


by  b — m 


a 


5.  by_ 

a — b  y — 15 

6.  4ab — cd — why  30^ 

7.  3    ob  by  ^*^bc 

8.  2^ax  by  2^bz 


Ir  ab  by  (T  cd 

3  E  DIVISION. 
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DIVISION. 

Rule. 

20. — ^Place  the  dividend  in  the  form  of  a  numerator,  and  the 
divifor  in  that  of  a  denominator  j  expunge  like  quantities  from 
both,  and  divide  the  coefficients  by  the  greateft  common  mea- 
furc.     Like  figns  give  +>  unHke  give  — . 

Ex.  I.  Divide  3«3  by  h,  'i^ah 

Ex.  2.  Divide  — abc  by  — 3^r,  — abc    — a 

—3^^     -3 
Ex.  3.  Divide  ^ax  by  12  i/a,  ^ax      x 

I 2ba     3^ 

21.  Powers  of  the  fame  root  are  divided  by  fubtrading  their 
exponents. 


Ex,  I.  Divide  a^  by  n* 

Ex.  2.  Divide  a'^b^c^  by  a^b^  aH^c"- 


a* 


2  /„.2 


•■zzarbc 

tlx.  3.  Divide  bUU  by  a^b^c^  b'c^d     bd 

a^b'^c*  "  a^ 

22.  If  the  dividend  be  a  compound  quantity,  all  its  parts 
mull  be  arranged  according  to  the  dimenfions  of  fome  of  its 
letters ;  the  divifor  alfo  muft  be  arranged  according  to  the  di- 
menfions of  the  fame  letters  :  Then  divide  the  firft  term  of  tlic 
dividend  by  the  firft  term  of  the  divifor  ;  if  compound,  multi- 

ply 
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ply  the  whole  divifor  by  the  quotient ;  from  the  dividend  fub- 
tra6l  the  produft,  and  the  remainder  Ihali  give  a  new  dividend  ; 
then  proceed  as  before. 

Ex.  I.  a+b)a^+2ah+P{a+k 


ab+b' 
ab-irb^ 


Ex.  2»     AT — y)x'^ — y^{x^-\'Xy-^y^ 


x'^^xy-^-y'^ 


X^A-x'^y  +  xy^ 


— \  ^y — Hy^  — y  ' 


-y^  proof. 


23.  It  fometimes  happens  that  the  operation  may  be  conti- 
nued without  end,  in  which  cafe  the  quotient  is  called  «n  in- 
finite ferieso 


3Ea 


Ex, 
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Ex.  I.     i^a)i         (i+a-i-a^+a^^a*,  8ic. 


I — a 


a 

a — a- 


Ex.  2.    /.2       2>2^         (y4--^l^+jl  Sec. 


-H 


y^—y' 


X*    —    *,9 


,0 


r 

Af6  5cc. 


24. 
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24.  Here,  in  the  two  foregoing  examples,  the  quotients 
obferve  a  certain  law,  \v^hich,  if  attended  to,  will  enable  us, 
after  obtaining  a  few  terms,  to  extend  the  quotient  to  anj^ 
length  without  dividing  further  Thus  the  firft  quotient  is 
i+^-ffl*  +«*+«*>  &c.  Now,  if  we  obferve,  that  in  each  term 
the  power  of  a  encreafes  by  unity,  we  may  continue  to  add  to 
the  former  quotient  '\-a^ -^-a^ ■\-a'^ -^a^ -{-a^  \  and  fo  on  to  infi- 
nity. 

The  quotient,  in  tlie  fecoftd  example,  may  alfo  be  extended, 
by  obferving  that  the  powers  bf  the  numerators  encreafe  in  the 
feries  of  the  odd  numbers,  and  thofe  of  the  denominators  in  the 
feries  of  the  even  numbers. 

25.  To  divide  fractions,  multiply  the  numerator  of  the  di- 
vifor  by  the  denominator  of  the  dividend  for  the  denominator 
of  the  quotient,  and  multiply  the  denominator  of  the  divifor 
by  the  numerator  of  the  dividend  for  the  numerator  of  the 
quotient.  If  one  of  them  be  a  whole  quantity,  it  may  be 
brought  into  the  form  of  a  fraction  by  placing  i  for  its  denQ- 
ininator. 


Ex.  .ft, 

a\bcfb^c 

2d, 

(ib\h'^  /cab"^        cb 

ca  ad  a^bd      ad     ' 

3d> 

4th,                                 5  th. 
c\    dfad             ia\^ci\6bc      i6i 

a     I     c              4b' 2^     gab      ga 

JE^^ampks. 
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Examples  for  praBice. 


Ex.  K 

Divide  i^bc 

by  lac 

2. 

/^bac 

hy  be 

3- 

a^--b^ 

by  a — h 

4. 

a^ — '^a^b-\-T,ab' 

i^l,3\yya—b 

5- 

fl5_^3fl3r^3<r^2 

+b^  by  a-^b 

6. 

«2+^2 

hya^ 

7- 

^2_p 

bya-f^ 

8. 

2/i     2a 

by  ab 

?• 

«3P^ 

by  ^2^3 

INVOLUTION. 

26.  Involution  is  performed  by  the  fucceffivc  multiplication 
of  any  quantity  into  itfelf.  A  quantity  multiplied  into  itfelf 
produces  the  fquare  of  the  fame ;  and  the  fquare  multiplied  a- 
gain  by  the  original  quantity  produces  the  cube  of  the  fame ; 
and  that  cube  again  multiplied  by  the  root  gives  the  biquadra- 
tic power.     And  fo  on. 

27.  Simple  quantities  ar.e  involved  by  multiplying  their  ex- 
ponents by  that  of  the  power,  and  prefixing  a  like  power  of  the 
coefficient.  Thus,  the  fquare  of  b  is  b^  ;  the  cube  of  Ha  is 
5l2a3. 

28.  Bofitive  roots  give  pofitive  powers  ;  but  negative  roots 
give  pofitive  and  negative  powers  by  turns. 


29. 
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29.     Any  two  quantities  conne£ted  by  the  fign  -f,  are  call- 
ed a  Binomial  i  but  if  conne£i:ed  by  the  fign  — ,  a  Refidual. 

Example  L 

Required  the  fquare,  cube,  biquadratic,   iurfolid,  and  fixth 
power  of  a-j-L 


'•n 


«-f-3=:root. 

-j-ab-^-P 

«24.2/j'H^2=fquare. 
a+b 

a^+la^b+ab^ 
^a^b+2ab^-}-b^ 

a+b 

a'^^i^aH+ia^b'^-\-ab^ 

/3*+4«3^^^2p^^^^3_j.^4==biquadratIc. 
a+b 


a'+4a^b+6a  b^ +4*^ b^ +ab'' 
+  a*b+4a^b^-^6a^b^-\'4ab^-h^^ 

rt5  4.5a4^+lOa35»^I0^2^3_^^a^4^?=:furfolid. 

a  +b 


,6^6a'b+lsa^b^+2oa^b^+i5a^b'^+6ab'+b^:::z6thipoweY. 

Example 
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Example  II. 
R  equired  the  fquare,  cube,  arid  biquadratic  powers  of  a— 5. 


a — !?■ 
a — b 


~ab+b^ 

a^—2ab-{-b^ 
a — b 

a3—2a^b+  ab^ 
—  aH-^2ab~^b^ 

a^—^aH+^^b^—b^ 


a4r^^a^b+6a''b^—4ab3^b'^ 

30.  It  appears  by  reviewing  thefe  examples,  that  all  the 
terms  of  the  powers  of  a  binomial  are  pofitive  ;  but  the  terms, 
of  the  powers  of  a  refidual  are  pofitlv^  and  negative  alternate- 
ly, the  lirft:  pofitive,  the  fecond  negative  j  the  third  pofitive, 
tlie  fourth  negative  ;  and  fo  on,  +  and  —  by  turns.  Alfo^ 
that  the  fum  of  the  exponents  of  a  and  5,  in  ariy  of  the  inter- 
mediate terms,  is  equal  to  the  exponent  of  the  firft  or  lafl 
term ;  and  that  the  exponent  of  the  firft  or  of  the  laft  term  is 
equal  to  that  of  the  power.  In  the  firft  term  B  is  wanting, 
and  the  power  of  a  in  every  fucceeding  term  decreafes  recrular- 
]y  by  1  ;  and  tliat  of  3  encreafes  in  each  term  by  1,  until  a  dif- 
iippear. 
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The  coefficient  of  the  firft  term  is  i  :  The  coefficient  of  the 
fecond  term  is  equal  tcthe  exponent  of  the  firft.  One  or  more 
terms  being  foUnd,  the  cofficient  of  the  next  fucceeding  term 
may  be  difcovered  in  this  manner  :  Multiply  the  exponent  of  ^ 
in  the  laft  term  by  the  coefficient  of  the  fame  ;  divide  the  pro- 
duct by  the  number  of  terms  already  made  up,  and  the  quot 
will  be  the  coefficient  required. 

31.  From  thefc  obfervations  we  may  infer  the  following 
rule,  commonly  called  the  a-^-b,  or  the  Binomial  Theorem,  by 
which  we  may  involve  either  a  binomial  or  a  refidual  root  to  a 
^ower  of  any  dimenfion. 

;  RULR 

I  ft,   To  find  thefirfl  term  of  the  power. 

Multiply  the  exponent  of  a  in  the  root  by  that  of  ihc  power, 
for  the  Hift  term  of  the  power  required. 

2d,  To  find  the  fecond  term  of  the  power* 

Multiply  the  exponent  of  a  in  the  firft  term  by  the  coefficient 
of  the  fame,  divide  the  product  by  the  number  of  terms  alrea- 
dy found  :  the  quotient  will  be  the  coefficient  of  the  fecond 
term  of  the  power  ;  then  diminiih  the  exponent  of /j,  and  en- 
creafe  the  exponent  of  by  each  by  i,  for  the  fecond  term. 

3d,   To  find  the  third  term  of  the  power. 

Multiply  the  exponent  of  a  in  the  fecond  term  by  the  coeffi- 
cient of  the  fame  J  divide  the  prod u(St  by  2,  (the  number  of 
terms  already  found) ;  the  quotient  gives  the  coefficient  of  the 
third  term  ;  then  decreafe  the  exponent  of  a  in  the  fecond  term, 
and  encreafe  that  of  b  in  the  fame,  each  by  unity,  for  the  third 
term. 

3  F  #' 
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4th,    To  find  the  fourth  term. 

Multiply  the  exponent  of  «  in  the  third  term  by  the  coefRcient 
of  the  fame  ;  divide  the  produdi:  by  3,  (the  number  of  terms 
already  found) ;  the  quotient  is  the  coefficient  of  the  next 
term  ;  then  take  ofF  a  power  of  a  and  bring  on  a  power  of  b, 
for  the  fourth  term  of  the  power  complete  :  Continue  this  pro- 
cefs  till  all  the  powers  of  a  are  exliaufted,  and  the  power  of  b 
be  equal  to  that  of  the  power  required. 

EVOLUTION. 

32.  Evolution  is  the  operation  by  Vv^hich  roots  are  difcover- 
ed,  and  is  always  oppofed  to  Livolution. 

Roots  are  quantities  by  whofe  fucceflive  multiplication  given 
powers  are  produced. 

33.  The  roots  of  fimple  quantities  are  extra£led,  by  divi- 
ding the  exponent  of  the  power  by  the  exponent  of  the  root  re- 
quired.    Thus,  the  cube  root  of  a^  is  ^,  of  %b'^  is  2b^ . 

The  reafofi  of  this  is  deduced  from  §  27. 

34.  Rules  for  extracting  roots  of  compound  quantities  are 
deduced  from  a  review  of  the  fteps  by  which  they  are  involved. 
Thus,  the  fquare  oi a-\-b  is  «2+2«M-"^*  5  ^^^f  is>  the  fquare  of 
any  two  quantities  is  equal  to  the  fquares  of  each  of  the  quan- 
tities, together  with  twice  their  prouu61:.  See  Euclid^  Book  2d, 
propofition  4th.  Therefore  when  a  quantity  is  propofed,  whofe 
iquare  root  is  a  compound  quantity,  you  are  firll  to  arrange  the 
terms  as  taught  in  divifion,  (§  22.) 

Thus,  Let  the  fquare  root  of  «*-f-2«3-f^2  ^g  required. 
a^-f-2ab-{-b\a-\-b 


2a-\-b)2ab~\-b^ 
2ab-{-b^ 


We 
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We  will  now  proceed  to  lay  down  fomc  rules  for  extradinj 
tlie  roots  of  numbers. 


o 

s. 

Crq 


o 

g- 

02* 

r-f 
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Rules j^r  extrr^ing  thefquare  root, 

I.  Divide  the  given  number  into  periods  of  two  figures, 
Teckoning  from  the  unit's  place. 

II.  Find  the  greateft  root  contained  in  the  left  hand  period, 
and  place  it  as  the  fir  ft  figure  of  the  root :  Subtract  its  fquare 
from  the  faid  period,  and  to  the  remainder  bring  dovt^n  the 
next  period  for  a  refolvend. 

III.  Double  the|firft  part  of  the  root  for  the  firft  part  of  the 
divifor,  and  enquire  how  often  this  part  is  contained  in  the  re- 
folvend, negle^ing  the  right  hand  place  ;  the  quot  gives  the 
next  figure  of  the  root. 

IV.  Annex  the  quotient  alfo  to  the  divifor,  and  multiply  this 
number  by  the  quotient ;  fubtraft  the  produdi  from  the  refol- 
vend, and  to  the  remainder,  if  any,  bring  down  the  next  peri- 
od for  a  new  refolvend. 

V.  Ufe  the  laft  divifor  for  the  firft  part  of  a  new  one,  doub- 
ling the  right  hand  figure  ;  then  proceed  as  before. 

Note,  Every  period  gives  a  figure  in  the  root. 

Ex.  I.  Required  the  fquare  root  of  2025. 

2025(45  root.  45  root. 

16  45 


35)  425  refolvend.  225 

425  180 

o  2025  proof. 

Here  enquire  for  the  greateft  root  contained  in  the  firft  pe- 
riod 20,  which  is  4,  then  place  it  as  the  firft  figure  of  the  root, 
and  fubtracl  its  fquare  (16)  from  20  ;  to  the  remainder  4  an- 
nex the  next  period  25  for  a  refokend  j  then  divide  42  (negle6l-, 

ing 
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'ng  die  5)  by  twice  4  or  8,  and  place  the  quotient  5  in  the 
root ;  alfo  annex  it  to  8,  and  multiply  this  85  by  5,  the  laft  fi- 
gure of  the  root.  And  fubtra6t  this  produdl  from  the  re- 
folvend ;  and  fmce  theie  is  no  remainder,  2025  is  an  exa<St 
f{juare,  of  which  45  is  the  root. 

Ex.  II.  Required  the  fquare  root  of  58264. 

58264(241.37 
A 


44)182 

176  ^ 

48 1  )664 
481 

4823)18309 
14469 

48267)383100 
337869 

45231  reny 

37.  If,  after  the  given  number  is  exhauiled,  there  be  a  re- 
jnuinder,  annex  periods  of  cyphers  thereto,  and  continue  the  o- 
peration  till  the  decimal  part  of  the  root  terminate,  repeat  of 
circulate,  or  till  you  think  proper  to  limit  it. 

38.     Rules  for  extracting  the  fquare  root  of  vulgar  fraBions  or 
m'lxt  numbers. 


Extract  the  fquare  root  of  the  numerator  and  of  the  denomi- 
nator for  their  refpedlive  terms  of  the  root  required.  Thus  the 


25        5 

iquare  /oot  of is  — 

3^       6 


Or, 


^%' 
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39.  iTlne  rmnierator  and  denominator  of  the  fra£lion  pro- 
pofed  be  not  complete  powers,  place  the  fquare  root  of  the?r 
producb  over  the  given  denominator,  and  reduce  this  new  frac- 
tion to  its  loweft  terms  for  the  fractional  root  required.    Thus, 

25  X36=9Co         ^900     30     5 

"--~      ■—     and =  —  =—  as  before.     Or, 

36         I        36  36     36     6 

40.  Reduce  the  fra6tion  to  a  decimal,  and  extra£t  its  fquare 
root.     Thus, 

3=.694i^  and     -^P^i^^  =.83=—  •  on!  . 71 

ri6  6  ,         , 

41.  In  m'lxt  numbers  it  will  be  bed  to  reduce  the  fractional 
part  to  a  decimal,  to  which  prefix  the  integral  part,  and  extract 
the  fquare  root  of  the  whole.     Thus, 


^i2:f.=34-,  or  rather,  ^12.25=3.5 

Extraction  of  the  Cube  Roof. 
Required  the  cube  root  of  a^-\-ia^b'\-'^ab'^  -f  ^^« 


The 
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42.  The  following  rules  are  inferred  from  the  foregoing  o- 
peration. 

RULES. 

I.  Divide  the  {j;iven  number  into  periods  of  three  places,  be- 
ginning at  the  unit  place  •,  each  period  gives  a  figure  of  the 
root. 

IL  Find  the  greateft  cube  root  of  the  firft  period,  and  place 
it  as  the  firft  figure  of  the  root ;  fubtra61:  its  cube  irom  the  firft 
period,  and  to  the  remainder  annex  the  next  period  for  a  refol- 
vend. 

in.  To  three  times  the  fquare  of  the  firft  part  of  the  root 
annex  two  cyphers  for  the  firft  part  of  the  divifor. 

IV.  Enquire  how  often  this  number  is  contained  in  the  re- 
folvend,  and  place  the  refult  as  the  next  figure  of  the  root. 

V.  To  the  product  of  the  firft  and  fecond  parts  of  the  root 
annex  a  cypher  for  the  fecond  part  of  the  divifor,  and  fquare 
the  laft  part  of  the  root  for  the  remaining  part  of  the- divifor : 
the  fum  of  thefe  three  parts  will  be  the  divifor  complete. 

VL  Multiply  this  fum  by  the  laft  part  of  the  root,  and  fub- 
traft  the  product  from  the  refolvend  :  if  there  be  more  periods, 
annex  the  next  to  the  remainder,  and  proceed  as  before. 

If,  after  all  the  periods  are  ufed,  there  happen  to  be  a  re- 
mainder, annex  periods  of  cyphers  as  before  dlre6led,  §  27. 

Example.     Required  the  cube  root  of  15625. 


15625(25 
8 

3^2+0-1-0=1200 

3/2/5+0=  300 

/^2=    25 

3^*+3«H^^     1525 
^            5 

7625 
7625 

3«2^+3«^*4P 

0 

43- 


4oSi  ALGEBRA. 

43.  The  number  of  cyphers  annexed  to  the  firfl  part  of  the 
divifor  is  lefs  by  unity  than  the  exponent  of  the  power  propo- 
fed  ;  for  2=a,  the  firfl  part  of  the  root,  (in  regard  another  fi- 
gure is  to  follow)  occupies  the  place  of  tens,  it  is  therefore  e- 
qual  20.  Hence  it  is  plain,  that  3*3^  or  20^  X  3=1200,  the 
firft  part  of  the  divifor  ;  and  fince  5=^,  that  -^ah,  or  3  X  20X5 
=300,  the  fecond  part  of  the  divifor;  alfo  that i5'^=5*=25, 
the  laft  part ;  like  wife  that  the  firft  part  of  the  root  is  confider- 
ably  greater  than  any  other  figure. 

44.  The  reafon  of  the  rule  will  appear,  if  we  take  the  cafe 
•where  the  root  confifts  of  2  places  a-^h.  Let  the  given  num- 
ber be  reprefented  by  a^-\-'}>^'^b'\-i,ab^-\-h^  ;  and  if  we  place  a, 
the  cube  root  of  a^,  in  the  root,  and  fubtra£l  a^  from  the  given 
number,  the  remainder  or  refolvend  will  be  3^'^^-f-3«(3^-f(^^  ; 
and  fince  it  has  been  ihewn,  that  a  in  the  root  is  confiderably 
greater  than  b^  it  will  follow  tliat  ^a^by  the  firft  part  of  the  re- 
folvend, will  be  the  greateft  part  of  it.  If,  therefore,  3^^^  be 
divided  by  3^^,  it  will  quot  b,  the  other  part  of  the  root  fought, 
by  the  help  of  which  the  divifor  may  be  completed  ;  but  fince 
all  the  parts  of  the  divifor  are  multiplied  by  the  laft  figure  of 
the  root,  the  divifor  will  be  3«^-f-3<2^-|-i^,  wliich  is  obtained 
by  dividing  each  term  by  b. 

N.  B,  If  the  root  confifts  of  more  than  two  places,  a  repre- 
fents  all  the  places  found ;  and,  by  repeating  the  operation  for 
a  new  divifor,  the  other  part  b  may  be  found  as  before ;  and 
fo  on. 
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Example  2.  What  is  the  cube  root  of  99252847 


The  divifor. 
3«^+3ab-fP 

3tf^-fo+o=48oo 

3^Z'-fO=:    720 

b^  36 


99252847(463         40=«  &  Cz=ib 

64 


35252 


^X3^"  =  :!«H^^  =5556X6=     33336 


3<a2-f  0+0=634800 
3^^+o=     4140 

*2=      9 


1916847    now  460=^  &  3=^ 


^X  3^^+3^^+^=638949X3    =1916847 


Epample  3.  Required  the  cube  root  of  .373248. 


14700 
420 

4 
15124X2= 


.373248072 

343 

30248 
30248 


here  ^=70  &  ^=i 


In  this  example  the  given  number  is  a  decimal,  and  deci- 
mals are  pointed  by  beginning  at  the  decimal  point,  and  pafT- 
ing  over  as  many  places  towards  the  riglit  hand  as  there  are  u- 
nits  in  the  exponent  of  the  root  required- 

45.     General  Rule  for  extraBlng  any  root. 

Having  divided  the  given  number  into  proper  periods,  in- 
volve a  like  power  of  a-i-b  with  the  number  propofcd.     Put  n 

3  G  equal 
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equal  to  the  exponent  of  the  root.  Place  the  value  of  a  in  the 
root,  and  fubtra6i;  the  value  of  a"  from  the  firft  period  ;  then 
expunge  b  out  of  every  term  of  the  refolvend.  This  v^^ill  give 
a  general  divifor  that  will  anfwer  a  power  of  any  dimenfion. 

Note.     fl«— I  is  always  the  trial  divifor. 


Required  the  biquadratic  root  of  1 67961 6. 
The  divifor  is  ^a^  ■^6a'^b-\-^ab'^-^b'^ 


4/7^=108000 

6a^b=^   32400 

4«P=     4320 

b^=        216 


1679616(36 
81 

8O9616 


144936  X  6     =      869616 
o 

Required  the  furfolid  root  of  60466176. 

The  divifor  ^a'^  +  ioa^b+ioa^b^+^ab^-i-b^ 

60466176(36 
,       243 


5<t'^=405oooo 

IOa3i^=l620COO 

lQa'^b'^=  324000 
5/7^3—     02400 

b^=:       ^296 

36166176 

6027696X6    = 

36166176 

Required 
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Required  the  root  of  887503681,  being  the  fixth  power. 
The  divifor  6a'+i5a'^l>+2caH^+i5aH^-}-6ab*-i-b^ 


6^^^145800000 
j^a'^b=i   1215C000 


20a 


3^= 


540OCO 


l^a''b'^=.        13500 
6ab'^=z  180 


887503681(31 
729 

158503681 


158503681XZ  =  158503681 


If  the  foregoing  examples  be  well   underftood,   the  learner 
will  be  able  to  inveftigate  theorems  for  extradlng  higher  roots. 
We  will  now  fubjoin  a  few  mixt  examples  for  practice. 


Ex.  I.  Required  the  fquare  root  of  144 

2.  of  463 5 

3.  of  5776 

4.  of  2985984 


Avf.  12 
Anf.  68. 

Jnf.  76. 

Anf.  172.8 

An/.  24. 

Anf.  237. 

Anf  124. 


5.  Required  the  cube  root     of  13824 

6.  of  13312053 

7.  ;  of  1906624 

8.  of  34582249.512    ^^/  325B 

9.  biquadratic  root  of  66121 1 1737853987761  A7f.  50709 
10  furfolid  root  of  33554432  Anf  32. 

11.  the  eighth  root  of  28179280429056  A}if.  48 

12.  the  fquare  root  of  2  nearly  Atf  1 .4 1 42-f 

13.  the  cube  root  of  2  nearly  Anf  1.148699-f- 

14.  An  army  of  7744  men  was  dnq»ai  up  in  a  fquare.     Re- 
quired the  number  of  men  in  each  rank.     Anf  88  men. 


G  2 


15- 
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15.  A  maltfter  had  a  round  malt-kiJn  of  16  feet  diameter, 
but  is  to  build  a  fquare  one  that  will  contain  3  times  as 
much.     The  fide  of  the  new  kihi  is  required. 

^«/  24-5557  feet. 

16.  The  folidity  of  a  fphere  is  47016  cubic  inches.  Requi- 
red the  fide  of  a  cube  whofe  content  is  equal  to  it. 

AnJ.  36  inches. 

46.     PROPORTION. 

When  two  quantities  of  the  fame  kind  are  aompared,  their 
relation  or  ratio  is  obtained  by  enquiring  how  often  the  firih 
contains  the  fecond.  Thus,  the  ratio  of  12  to  4  is  3  ;  of  4  to 
3  is  if  ;  and  of  3  to  8  is  |,  or  .375. 

47.  When  four  quantities,  ^,  ^,  r,  ^,  are  proportional,  it  i§ 
ufually  exprefled  by  faying,  the  firft  is  to  the  fecond  as  the 
third  is  to  the  fourth ;  or^  a  t  5:  :  c  :  dy  and  the  quantities  are 
faid  to  be  in  geometrical  proportion. 

48.  The  quantity  whofe  ratio  is  enquired  into  is  called  the 
antecedent,  and  the  quantity,  with  which  it  is  compared,  the 
confequent. 

4g.  The  firft  and  third  terms,  a  and  c,  are  called  antece- 
dents. 

The  fecond  and  fourth,  b  and  dy  are  called  the  confequents. 
The  firft  and  fourth  terms,  a  and  r/,  are  called  the  extremes. 
The  fecond  and  third  terms,  /?  and  r,  are  called  the  means. 

50.  If  a  :  b  :  :  c  :  d,  the  produ6l  of  the  means,  is  equal  to  the 
produ61;  of  the  extremes,  Euclid  \i.  16.  thus  ad =bc. 

51.  If  the  produ6l:  of  two  quantities,  nd,  be  equal  to  the  pro- 
duel:  of  two  others,  Zv,  the  quantities  are  proportional,  and 
a  :  b  X  \  c  -.dy    that  is,  a  factor  of  the  firft  is  to  a  factor  of  the 

fecond 
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fecond  as  the  remaining  fa£lor  of  the  fecond  is  to  th?  remain- 
ing fa6lor  of  the  firfl.     Eticlidy  vi.  1 6. 

he  ad 

52.  I(  a  :  b  : :  c:  d,  then  —  z=d  and  —  =  ^ ;  that  is,  the  pro- 

a  c 

du6t  of  the  means  divided  by  either  extreme  quotes  the  other 

extreme,  and  the  produft  of  the  extremes,  divided  by  either  of 
the  means,  quots  the  other  mean. 

53.  If  rt  :  ^  :  :  c  :  J,  they  will  remain  proportionals  under  the 
following  varieties.     Euclid,  v.  Definitions. 

Thus,  a  \h  \  \  c  :  d  Componendo,  a-\-h  \  h  -.  \  c-\-d  :  d 

Alternando,  a  \  c  \  -.h  \  d  l^ividendo,      a — b  :  h  w  c-d  :  i 

Invertendo,    b  '.  a  '.  \  c  \  d  Convertendo,  a  :  a-^h  w  c  \  c-\-d 

In  all  thefe   varieties,  the  product  of  the  means  is  equal  to 
that  of  the  extremes. 

54.     EQUATIONS. 

An  equation  is  a  propofition  afferting  the  equality  of  tw© 
quantities  ;  it  is  ufually  exprefled  by  the  rign=.     Thus, 
2x6=12,  oibd=^e, 

55.     AXIOMS. 

T.  Quantities  that  are  equal  to  one  and  the   fame  quantity 
are  equal  to  each  other. 

2.  If  equal  quantities  be  added  to  equal  quantities  the  funis 
are  equal. 

3.  Ifequal  quantities  be  taken  from  equal  quantities,  the  re- 
mainders are  equal. 

4.  Qiiant!tles 
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4.  Quantities  wliich  are  double  of  the  fame  quantity  arc  e- 
qual ;    and  the  contrary. 

5.  If  equal  quantities  be  multiplied  by  the  fame  quantity,  the 
products  are  equal. 

6.  If  equal  quantities  be  divided  by  the  fame  quantity,  the 
quotes  are  equal. 

7.  Like  powers  of  equal  roots  are  equal. 

8.  Like  roots  of  equal  quantities  are  equal. 

56.  The  value  of  an  unknown  quantity  is  found  by  x:hanging 
the  form  of  the  equation  till  it  ftand  alone  on  one  fide,  and  the 
known  quantities  on  the  other.  But  it  frequently  happens 
that  the  unknown  quantity  is  varioufly  combined  with  others, 
and  fo  its  value  not  eafily  difcovered.  We  fhall  therefore  lay 
down  a  few  general  rules  for  the  folution  of  equations,  and 
which  depend  on  the  foregoing  axioms. 

Rules. 

1 .  A  quantity  is  faid  to  be  tranfpofed,  if  it  be  taken  from  one 
fide  of  the  equation  to  the  other  v/ith  the  oppofite  fign.  Thu3, 
2+4=6,  and  4=6 — 2.     Ax.  IIL 

2.  If  the  unknown  quantity  be  multiplied  by  any  other  quan- 
tity, divide  both  fides  of  the  equation  by  that  other  quantity. 

b 

Thus,  if  ax=:hi  then  x=  —     Ax.  VI. 
a 

3.  If  the  unknown  quantity  be  divided  by  any  other  quanti- 
ty, multiply  both  fides  of  the  equation  by  the  divifor.     Thus,  if 

■■v 

—  =y,  thsn  x=^ab.     Ax.  V. 

a 

4.  If  that  member  of  the  equation  which  involves  the  un- 

known 
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known  quantity  be  a  furd  root,  make  that  member  ftand  alone 
on  one  fide  of  the  equation,  remove  the  radical  fign,  and  raife 

the  other  fide  to  the  correfponding  power.    Tlius,  ^4x+bz=a ; 

then,  ^4x=a — by  by  the  rule  4x=a' — 2ab-^b^,     Ax.  VIL  and 
VIII. 

5.  If  the  fame  quantity  be  found  on  both  fides  of  the  equa- 
tion, with  the  fame  fign  prefixed,  expunge  it  from  both. 

6.  U  a  :  b  :  :  c  :  df   an  equation  is  obtained  by  aflerting  the 
product  of  the  means  equal  to  that  of  the  extremes. 

Examples.  I. 

A  perfon  being  alked  his  age,  anfwers,  If  to  f  my  age  you 
add  triple  my  age,  the  fum  will  be  1 00.     Required  his  age. 

Suppofe  his  age  x  years. 

.      A? 

Then  f  his  age  will  be  —        » 

3 
And  three  tim^es  his  age  3 a; 


The  fum  of  thefe  is         —  +  3^=100 
3 


By  Rule  3d, 
By  addition, 
By  Rule  2d, 


.v-f9x=3oo 
lOAr=300 
a;=30  years  old. 


Example  II. 


From  London  to  Edinburgh,  by  the  Carlifle  road,  is   399 
miles.     A  meflenger  is  difpatched  Irom  Edinburgh,  who  tra- 
vels at  the  rate  of  36  m'llGS  per  day  :  and,   after  fix  days,  ano- 
ther is  difpatched  from  London  to  meet  the  former,  who  tra- 
vels 
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vels  25  miles /^r  day.     Require4  their  diflance  from  London 
when  they  meet,  and  how  many  days  will  the  latter  take. 

Suppofe  they  meet  in  x  days,  then. 

The  firft  travels  36^+216 

The  other  25 ;v 

Byqueft.  36A:-f  216+25/^=399 
6i.v=i83 
x—.T^  days 
And  3  >C  25=75  miles  from  London. 

Example  IIL 
Suppofe  a  meflenger,  who  travels  33-I  miles /)^r  day,  is  dif- 
patched,  and  after  8  days  another  is  fent  on  horfeback  to  over- 
take the  former,  who  rides  80  miles  a  day,  how  many  daya 
does  each  travel  before  the  firft  is  overtaken  ? 

Suppofe  in  x  days, 

33-75^+27o=:8o>? 

270=46.25^ 

>?=5. 8377=5  d.     20  h.     5  m. 

Example  IV. 
Suppofe  the  fun  to  proceed  one  degree /^r  day  in  the  ecclip- 
tic,  and  the  moon  13°,  and  that  the  fun  is  in  the  beginning  of 
Capricorn,  and  after  three  days  the  moon  enters  Aries.     Re- 
quired the  place  of  their  next  conjunclion. 

When  the  moon  enters  Aries  the  fun  is  advanced  273°  from 
Aries. 

;5--|-273=i3^  22 1  days 

273=12^  3 

224  =x  days.  

25-J 
That  is,  the  next  conjunclion  will  be  in  25°  45'  of  Capricorn. 

Example 


I 
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Example  V. 

A  merchant,  fending  an  adventure  to  fea,  doubled  his  (lock ; 
by  his  fecond  voyage  he  loft  1 200I.  ;  by  his  third  he  doubled 
his  rennaining  ftock,  and  by  his  fourth  loft  i  200I.  j  after  which 
he  had  nothing  left.     Required  his  original  ftock. 

Suppofe  his  ftock  x  pounds. 

By  his  I  ft  voyage,  2X 

' 2d  voyage,  2x — 1200 

3d  voyage.  4 a? — 2400 

'  4th  voyage,  4^ — 1 200 — -2400=6  per  queft. 

4a;=36oo 
x=  900I.  his  original  ftock. 

When  there  are  two  unknown  quantities,  the  conditions 
muft  be  fuch  as  to  afford  two  equations  5  from  each  of  thefe  e- 
quations  exterminate  one  of  the  unknown  quantities ;  then 
form  a  new  equation,  by  placing  its  values  equal  to  one  ano- 
ther. This  new  equation  contains  only  one  unknown  quanti- 
ty, and  is  refolved  as  before. 

Example  T. 

Two  men  difcourfing  of  their  money,  fays  A  to  B,  give  me 
4  ftilUings  and  I  Ihail  have  three  times  as  much  as  you  have. 
B  faid.  Give  me  6  ftiillings  of  yours,  and  each  of  us  will  have 
equal  fliares.     Required  how  much  each  had. 

Suppofe  A  had  ;v  and  By  ftiillings. 
A/ff.     ;v=2o,  and  y—3* 

3  H  Example 
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Two  travellers,  A  and  B,  met  at  an  inn.  A  afked  B  hoW 
fat  he  had  travelled.  B  anfwered,  that  he  had  travelled  fo  ma- 
ny miles  and  furlongs.  Well,  fays  A,  I  travelled  only  half 
that  diftance  ;  and  the  number  of  miles  I  travelled  correfponds 
with  your  furlongs,  and  my  furlongs  with  your  miles._  How- 
far  did  each  travel  ?     . 

Let  X  reprefent  the  miles,  y  the  furlongs. 

Then  A  travels  8;c+^ 
and  B  Sy-^x 

^x-^-y 

By  queft. =zSy+x 

2 

Sx-^y=i6y-}-2x 

()x=i^y 

Therefore      x  :  y  :  [i^  :  6)  5:2 

B  travels  5  miles  2  furlongs. 

A  2  miles  5  furlongs. 

Example  IIL 

Two  merchants,  A  and  B,  began  trade  with  equal  ftocks  j 
but  A,  by  frugality  and  application,  gained  6cl.  while  B, 
through  mifmanagement  and  bad  luck,  loft  Sol.  At  the  year's 
end  A  was  8  times  richer  than  B.  Required  their  original 
ftock.  Jnf.  lool. 

QjJADRATic  Equations. 

When  the  fquare  and  the  root  of  the  unknown  quantity  are 
joined  together,  it  is  called  an  adfedled  quadratic  equation. 

Rule. 


J 


ALGEBRA. 


419 


Rule. 

Tranfpofe  the  quantities  till  the  unknown  quantity  (land  oa 
one  fide  of  the  equation.  Divide  both  fides  by  the  coefficient 
of  the  fquare  of  the  unknown  quantity.  x\dd  the  fquare  of  one 
half  the  coefficient  of  the  fimple  power  to  both  fides  of  the  e- 
quation.  Extra61:  the  fquare  root,  and  tranfpofe  the  half  coef- 
ficient, which  gives  the  value  of  the  unknown  quantity. 


Example  L 
B.equired  two  numbers  whofe  fum  is  16,  and  produ^  48, 

/vy=48 
x=i6 — y 
x=4S 

y 

16— ;;=48 

y 

y^ — i6y=z — 48 


P^rRule,  y — 1 6;' +64=  16 
y^ — 16^4-64=16 
y—S=4 
jy=8+4 


Required  two  numbers  whofe  produ£l  h  ic8,  and  fum  of 
their  fquares  360. 


3H2 


Suppofe 


4^^  ALGEBRA. 

Suppofe  X  the  ]efs  and  y  the  greater. 
^•^=108 


x^ 
y^=2(''iO — x^ 
360 — .V'^  =  i  1664 

X* — 36oA^2_ — ij(5(54         Subflitute  s  for  A'^ 
Then,  z'^ — 3602=  — 1 1664 

z* — 3602: +3  2400=20736 
z — 180=144 

X  =6 
V  =iS 


Questions  for  Practice. 

1.  A  maid  and  his  wife  did  ufually  drink  out  a  barrel  of  beer 
in  12  days-,  and  they  found,  by  often  experience,  that  the  wife 
being  abfent,  the  man  drank  it  out  in  20  days*  In  how  many 
days  would  the  wife  alone  drink  it  out  at  her  rate  of  drinking  ? 

^Tff  30  days. 

2.  Two  fliips,  A  and  B,  loaded  with  the  fame  fort  of  wine, 
failing  by  a  pafs,  they  were  obliged  to  pay  toll  according  to  the 
quantity  each  had  on  board.  A  had  250  hogflieads,  out  of 
which  fhepaid  i  hogfliead,  and  36  (hillings  more.  B  had  400 
hoglheads,  out  of  which  flie  paid  2  hogfheads,  and  received 
back  20  {hillings.  Requirea  at  what  rate  the  wine  was  valued 
per  hogfhead.  j^uf.  4I.  14s. 

Suppofe  the  minute  and  hour  hands  of  a  common  clock  to 

be 
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be  ill  conjunction,  in  how  many  hours  will  they  be  in  conjunc- 
tion again  ?  Anf,  In  i  -j-V  hour. 

4.  Required  two  numbers,  fuch  that  the  quot  of  the  greater 
divided  by  the  lefler  may  be  2  lefs  than  theii  difference,  and 
their  produ6l  may  exceed  their  fum  by  20.  Anf.  8  and  4. 

5.  A  boy  is  offered  10  apples  for  a  penny,  and  25  pears  for 
2d  :  He  agreed  to  buy  100  apples  and  pears  together  for  9"2d» 
Required  the  number  of  each*      Anf.  75  apples  and  25  pears. 

6.  Required  two  numbers  whofc  fum  is  108,  and  proportion 
as  5  to  4,  Anf  60  and  48. 

LITERAL  EQUATIONS. 

In  literal  equations  unknown  quantities  are  reprefented  bv 
.V,  J,  %,  as  before  •,  known  quantities  by  «,  hy  r,  d^  &c.  The 
rules  for  tranfpofing  and  exterminating  quantities  are  the  fame 
as  above.  When  the  value  of  the  unknown  quantity  is  thus 
difcovered,  we  obtain  a  general  theorem,  which  will  ferve  for 
the  folution  of  all  quellions  under  the  like  conditions. 

Example  I. 

Required  a  theorem  for  determining  two  numbers  whofd- 
fum,  J-,  and  difference,  J,  are  given. 

Let  X  be  the  greater  and  y  tlie  lefs. 


A- — y:=:d 

A'=j' — y 

S^yz:id-\-y 
j-fd 


And  by  exterminating)-,  the  value 
of  X  will  be  s—  d 


In 
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In  words ^From  half  the  fum  fubtra£t  half  the  difFer- 

cncc,  the  remainder  will  be  the  lefs. 

To  half  the  fum  add  half  the  difference,  the  fum  will  be  the 
greater. 

Ex.  2.  The  powers  or  forces  of  three  different  agents  being  gi- 
ven, to  find  a  general  theorem  for  determining  the  time  in  which 
they  would;  all  three  together,  produce  a  given  effe£l. 

Three  day-labourers,  A,  B,  and  C,  have  undertaken  a  piece 
of  work,  which  A  could  perform  in  a  days,  B  in  ^  days,  and  C 
in  c  days.  In  v/hat  time  will  they  perform  it,  if  all  the  three; 
work  together  ? 

Suppofe  in  x  days* 


Then  A's  fhare. 

B's. 

C's, 

X 

X 

a; 

-     + 

a 

T    + 

c 

X    + 

ax 

+     ax 

b 

c 

=  a 

hx     + 

ax 

+  hax 

=  ab 

c 

chx   + 

Cax 

+  bax 

=  ahc 

X 

ahc 

cb^a-\ia 

The  rule  obtained  may  be  tranflated  thus.  Divide  the  pro- 
du61:  of  the  three  given  times  by  the  (um  of  the  piodu61:s  of 
each  two  taken  feparately. 

3.  Required  a  theorem  for  determining  two  numbers,  whofc 
fum  (s)  and  fum  of  their  fquares  (q)  are  given. 
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Anf.  f/f  ^t^  t^2 

Tranf.  From  lialf  the  fum  of  their  fquares  fubtra£l  \  the 
fquare  of  their  fum,  and  to  the  fquare  root  or  the  remainder 
add  or  fubtrad  the  half  fum  for  the  numbers  required. 

In  like  manner  any  other  theorem  may  be  tranllated. 

4.  Required  a  theorem  for  determining  two  numbers  .v  and  j, 
whofe  produdt,  /,  and  proportion  a  to  by  are  given. 

Anf,  X  the  greater  ^^ap 


y  the  lefs     =   ^' i 


5.  Required  a  theorem  for  determining  two  numbers,  x  andy, 
whofe  fum,  ^,  and  proportion  a  to  ^,  are  given. 

as 

Attfi        X  the  greater  = ' 

a-\-b 

hs 
\  y  the  lefs     =     "-r 

6.  Required  a  theorem  for  determining  two  numbers,  x  ^ndy, 
whofe  fum,  j,  and  produ£l:,  py  are  given. 


Anf.  ■^s+'^is^^p 


7.  Required  a  theorem  for  determining  two  numbers,  x  and  y, 
whofe  proportion,  a  to  by  and  the  fum  of  their  fquares,  cubes, 
&c.  are  given. 

Let 
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Let  n  denote  the  exponent  of  the  power. 


Anf,     X  the  greater  =y  s^" 


y  the  lefs  ^  sl>" 


M-f-a« 


8.  Required  a  theorem  for  determining  the  time  and  place 
iti  which  two  bodies,   moving  towards  each  other,  will  meet, 
their  velocity,  their  diftance,  and  the  difference  of  the  time  of 
their  firft  motion,  being  given. 
Put  a  =  the  velocity  of  the  one, 
If  =z  the  velocity  of  the  other, 
d  =  their  diftance,  and 
/  =  the  time  the  one  moves  before  the  other. 
d—t 

Anf, =  the  time  of  their  meeting. 

a-\'b 

And  the  product  of  the  velocity  of  either  body,  multiplied  by 
the  time  of  its  motion,  wiil  give  the  fpace  palTed  over,  and  con- 
fequently  the  place  of  meeting. 

GEOMETRICAL  PROBLEMS. 

When  a  geometrical  problem  or  queftion  is  propofed  you 
are  firft  to  conftrutl  a  figure  repre  fen  ting  the  true  one  ;  pre- 
pare the  figure  (if  necefiary)  by  drawing  more  lines  as  you  fee 
eaufe,  according  to  the  method  of  folution  you  have  chofen, 
that  fo,  by  the  help  of  thefe  lines  and  mediums,  you  may  deduce 
a  corme6lion  between  known  and  unknown  quantities  or  lines. 
Then  proceed  to  the  operation  as  before  diredted,  which,  with 
a  competent  knowledge  of  Euclid's  Elements,  will  be  your 
guide  ;  but  the  exa£b  manner  of  proceeding  can  fcarlely  be  re- 
duced 
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duccd  to  general  rules,  but  mufl  be  colleded  by  a  careful  exa- 
mination of  each  ftep,  affifted  by  pradice. 

PROBLEM  L 

Given  the  hypothenufe  of  a  right-angled  triangle,  and  the  fum 
,   of  the  fides,  to  find  each  of  the  fides. 


47.  L       fl2_.^2^^2 2SXi^X* 

.      AB=a 

a^=z2x'--^s'^ — 2SX 

AC+CB=j 

fl2 s^—2X^ 2SX 

AC=;c 

a^ — s"^  =  x^ — j-.v 

BC=.--,v 

2 

«2_,2        ^2                                   ,2 

—  =:x2^sx  +   — 

2           4                        4 

ij+^^«2__^j.2|_^2         or  rather, 

^nf.  -Is+'^ia^      ^s^  either  of  the  legs. 

PROBLEM  IL  Fig.  i. 

Given  the  hypothenufe  and  the  difference  cf  the  lcg3>  to  fivA 
the  legs. 

AB±=J,  AC=.r,  BC=.v+i 

Avf,  ,t  =  ii-f^:^-='— t^'^ 

^  I  PROBLEM 
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PROBLEM  III.  %.  I. 

Given  the  hypothenufe  and  the  product  of  the  two  legs,  to 
find  each  of  the  legs. 

P 
Let  AC=A^,  and  BC  -,  AB=a 

X 


V  ^ 

Jnf.  X  =    \a'^  +  ^'ia^ 

PROBLEMIV.  i^/^.  I. 

Given  the  hypothenufe,  and  the  proportion  of  the  two  legs,  to 
find  each  of  them. 

Per  queft.         x  :  y  :  :  c :  d,  and  AB=:^ 


A„f.     y=     — — 

PROBLEMV.  7^/^.  I. 

Given  one  of  the  legs,  and  the  fum  of  the  hypothenufe  and  the 
other  leg,  to  find  the  hypothenufe  and  that  leg. 

AB+BC=^,  AC=J,  ^CB  s-^x 


d^      s 

Anf.     x~ — 

IS       2 


PROBLEM 
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PROBLEM  VL  Eg.  2. 

Tof  divide  any  given  line,  AB,  into  two  fuch  parts  that  the 
rectangle,  contained  by  the  whole  line  and  one  of  the  parts, 
fliall  be  equal  to  the  fquare  of  the  other  part. 

AB=^ 
CB=<3 — X 

2_        4 

PROBLEM  VIL 

Given  the  difference  between  the  diagonal  of  a  fquare  and  one 
of  its  fides,  to  find  the  diagonal  and  the  fide. 

Let  ^be  the  difference  and  ;v  the, fide. 
Jnf.     x=d+'^7d^ 

PROBLEM  Vlir.  Fig.  I, 

Given  the  perimeter,  and  the  area  of  a  right-angled  triangle,  to 
find  the  hypothenufe. 

Let  AB+BC-f-CA=2rt 

Area         =h 

AC-rC3=2«— a; 

Jnf,     X  = 

a 

3I2  PROBLEM 
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PROBLEM  IX.  Fig.  3. 

In  the  right-angled  triangle,  ABc,  given  the  bafe  AB,  and  the 
fum  of  the  perpendicular  CD,  and  the  fides  BC  and  CA,  to 
find  the  triangle. 

CA+CB+CD=a 

AB=^ 

CDz=x 

AC+CB=/r— x^ 

PROBLEM  X.  Fig,  3. 

Given  the  perimeter  of  a  right-angled  triangle,  and  the  per- 
pendicular upon  the  hypothenufe,  to  fmd  the  feveral  fides. 

AB+BC-{-AC=j 

BD=:/> 


Jnf,     The  hyp.  AC 


PROBLEM  XI.  Fig.  3. 

Given  the  fum  of  the  fides  of  a  right-angled  triangle,  and  the 
perpendicular  upon  the  hypothenufe,  to  find  the  hypothenufe 
and  the  other  legs. 

AB 
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AB+BC=/ 
BD=^ 
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Anf.     2  =  "^j^^^i  _^ 
The  other  fides  may  be  found  as  in  Prob.  10.  or  by  Eucl.  8.  vl. 
Coroll. 

PROBLEM  XIL  Fig,  4. 

V  In  a  given  triangle  to  infcribe  a  fquarc. 

Let  BC=/2 
AD=^ 
KD=;v 
KA=^— X 


hp 

Anf,  =;c,  the  fide  of  the  fquare. 

p-\-b 


PROBLEM  XIIL  Fig.  5. 

In  a  given  triangle,  to  infcribe  a  rectangle  of  a  given  magni- 
tude. 

BC=.7 
AD=r 

A? 

KD=:;v 
KA=^i — X 


Anf,         -|r+  *^\c^\i 
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PROBLEM  XIV. 

The  fitles  of  a  recliangle  being  given,  to  find  the  breadth  of  a 
piece  to  be  taken  ofF  half  round  the  re£langle,  and  of  an  e- 
quai  width,  that  fliall  take  up  juft  half  the  rectangle. 

Let  /:=Iength, 
^=breadth, 
<3=the  area, 
j-=the  fum  of  the  fides, 
/)=their  product, 
^=the  breadth  required. 


Anf.  x=  is      ^p^     ip  the  breadth. 


TROBLEM  XV.  Fig.  5. 

Given  all  the  fides  of  a  parallelogram,  and  one  diagonal,  to  find 
the  other  diagonal. 

PutDC=:a, 

BA=^ 

AC=d 

Anf.  x=  '^ia^-L2b^—d2 

PROBLEM  XVr.  i^i^.  6. 

Given  the  chord  of  an  arch,  and  the  diameter  of  the  circle,  of 
which  the  arch  is  a  part,  to  find  the  verfed  fince,  or  tlie 
height  of  the  arch. 

Put 
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Put  AB=:2a 

CF  b 
CD  ^ 
DF    b^x 

See  Euclid,  35.  III. 


Y^P        +i4 


Anf.     a;  =  j       —  a"^ 
2 


iV^.  J5.  The  half  of  the  diameter  is  to  be  added  or  fubtra£led 
according  as  the  arch  is  greater  or  lefs  than  a  femicircle. 

PROBLEM  XVIL  Fig.  7. 

Given  the  folidity,  depth,  and  the  proportion  of  the  head  and 
bafe  diameters,  of  the  fruftum  of  a  cone,  to  find  the  diameters. 

Let  X    AB, 
y   CD, 

d    depth, 
s    folidity  ; 
And  \c\.  a  :  b  :  '.  X  :  y  \ 

s 
Alfo    — T       fquare  of  the  mean  area. 

s 

Subftitute  m  =  "^T 
pd 


inb'^ 

Then  the  anfwer  will  be   I  ~T7777"I       =  y  the  lefs, 
j  a^-\-b'^-\-ab  -^ 


V 

ma' 


Jilj^S:^"  = '^  t'oe  greater. 


FINIS, 


B. 'L ^e  TV 


Ttr/n 


J'i//J4 


0)         A^ 


^Vr/JS 


'"^  B, \ ^e 


A^ 


jy^  c  // 


B, 1 : ^c 


F 


rT.ATF/.\ 


T{^  /S 


J^  -£ 
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